AD-A157  619  USER'S  MANUAL  FOR  AC-20-53A  PROTECTION  OF  AIRPLANE  FUEL  1/1 
SVSTEMS  AGAINST  F.  .  <U)  FEDERAL  AVIATION  ADMINISTRATION 
TECHNICAL  CENTER  ATLANTIC  CIT.  .  N  RASCH  OCT  84 
UNCLASSIFIED  DOT/FAA/CT-83/2  F/G  1/2  NL 


DOT/FAA/CT-83/3 


l D 


User’s  Manual  for  AC-20-53A 
Protection  of  Airplane  Fuel 
Systems  Against  Fuel  Vapor 
Ignition  Due  to  Lightning 


N.  Rasch 

FAA  Technical  Center 
Atlantic  City  Airport,  N  J.  08405 

SAE-AE4L  Lightning  Subcommittee 


October  1 984 
User's  Manual 


This  document  is  available  to  the  U.S.  public 
through  the  National  Technical  Information 
Service,  Springfield,  Virginia  22161. 


U  S  Department  of  transportation 

riusn*  Mnanon  nwrannitTwVun 

Technical  Center 

Allanlic  City  Airport,  NJ.  08405 


V  ■ 


85  8  02  0  5ft 


NOTICE 

This  document  is  disseminated  under  the  sponsorship  of 
the  Department  of  Transportation  in  the  interest  of 
information  exchange.  The  United  States  Government 
assumes  no  liability  for  the  contents  or  use  thereof. 


The  United  States  Government  does  not  endorse  products 
or  manufacturers.  Trade  or  manufacturer's  names  appear 
herein  solely  because  they  are  considered  essential  to 
the  object  of  this  report. 


b  'cession  For 

rris  cra&i 

r  ,  r;  tab 
••-novtneed 

•.if  lent  i  m _ 


\  1.  OT 

7 

*  1  >  • 

7 

■  ■  l 

v  -i/or 

iai 

h  i 

■ 

*•  V. 

n  1 

Roport  No. 


DOT/FAA/CT-83/3 


4.  Titlo  and  Subtitlo 

USERS  MANUAL  FOR  AC  20-53A  PROTECTION  OF  AIRCRAFT  FUEL 
SYSTEMS  AGAINST  FUEL  VAPOR  IGNITION  DUE  TO  LIGHTNING 


Technical  Report  Documentation  Page 


3.  Recipient's  Catalog  No. 


5.  Report  Date 

October  1984 

6.  Performing  Organ* Ration  Code 


7.  Authors) 


N.  Rasch 


8.  Performing  Organisation  Report  No. 

DOT/FAA/CT-83/3 


10.  Work  Unit  No.  (TRAIS) 


1 1 .  Contract  ar  Grant  No. 

182-340-100 


13.  Typ.  of  Report  and  Period  Covered 


9.  Performing  Orgoni lotion  Nome  and  Addreet 

Federal  Aviation  Administration 
Flight  Safety  Research  Branch,  ACT-340 
Aircraft  and  Airport  Systems  Technology  Division 
Atlantic  City  Airport,  New  Jersey  08405 


12.  Sponsoring  Agency  Nome  and  Address 

U.S.  Department  of  Transportation 
Federal  Aviation  Administration 
Technical  Center 

Atlantic  City  Airport,  New  Jersey  08405 


15.  Supplementary  Notes 

This  manual  is  designed  to  supplement  the  information  found  in  AC  20-53A  and  is  to 
be  used  for  information  purposes  only,  and  is  not  to  be  used  as  a  regulatory 

dncimanf  .  _ 


16.  Abstract 

This  manual  provides  users  of  AC  20-53A.,  -"Protection  of  Aircraft  Fuel  Systems  Against 
Fuel  Vapor  Ignition  Due  to  Lightning, *"with  information  on  the  subject  of  fuel  system 
lightning  protection  and  methods  of  compliance  of  aircraft  design  with  the  Federal 
Aviation  Regulations  23.954  and  25.954. 

The  manual  is  the  result  of  a  3-year  effort  requested  by  the  FAA  Technical  Center  of 
the  SAE-AE4L  committee  which  is  comprised  of  experts  in  the  field  of  lightning 
research  and  protection  of  aircraft  and  systems  from  the  adverse  effects  associated 
with  atmospheric  electricity.  The  committee  is  comprised  of  experts  from  the  National 
Aeronautics  and  Space  Administration,  Department  of  Defense,  Federal  Aviation  Adminis¬ 
tration,  industry,  and  independent  testing  laboratories. 


User’s  Manual 


14.  Sponsoring  Agency  Cod. 


17.  Kay  Words  ^ 
Lightning 
Action  integral; 
Swept  Stroke; 
Streamering,' 


NMTrcrni 


18.  Distribution  Stotomont 

This  document  is  available  to  the  U.S. 
public  through  the  National  Technical 
Information  Service,  Springfield, 
Virginia  22161 


19.  Soourity  Classif.  (of  this  roport) 

20.  Soourity  Classif.  (of  this  pago) 

21o  No.  of  Pogos 

22.  Pric. 

Unclassified 

Unclassified 

50 

Form  DOT  F  1700.7  0-72) 


Reproduction  of  completed  page  authorized 


TABLE  OF  CONTENTS 


Page 


EXECUTIVE  SUMMARY  vi 

1.0  PURPOSE  1 

2.0  BACKGROUND  1 

3.0  SCOPE  2 

4.0  AIRCRAFT  FUEL  SYSTEM  LIGHTNING  INTERACTION  2 

4.1  Combustion  Processes  3 

5.0  APPROACHES  TO  COMPLIANCE  7 

5.1  Determination  of  Lightning  Strike  Zones  and  the  8 

Lightning  Environment 

5.2  Establishment  of  the  Lightning  Environment  16 

5.3  Identification  of  Possible  Ignition  Sources  22 

5.4  Verification  Methods  22 

6.0  PROTECTION  CONSIDERATIONS  24 

6.1  Determination  of  Aluminum  Skin  Thickness  Requirements  25 

6.2  Determination  of  Titanium  Skin  Thickness  Requirements  27 

6.3  Determination  of  Semiconduct ive  Composite  Materials  27 

Skin  Thickness 

6.4  Integral  Fuel  Tanks  with  Electrically  Nonconductive  27 

Skins 

6.5  Components,  Joints,  and  Interfaces  31 

7.0  DEFINITIONS  36 

8.0  REFERENCES  37 

APPENDIX 


A  -  Lightning  Test  Waveforms  and  Techniques  for  Aerospace  Vehicles 
and  Hardware  SAE-AE4L  Report,  June  20,  1978. 


f 

k 

f 


111 


(  Mf. 


#  tmjk 


A  .  L  .V,  ".'ll  . 


LIST  OF  ILLUSTRATIONS 

Figure  Page 

1  Typical  Flammability  Envelope  o£  an  Aircraft  Fuel  3 

2  Plot  of  Minimum  Current  vs  Time  Duration  of  Exponentially  5 

Decaying  Pulse  from  Capacitor  Source  for  Ignition  of 
Stoichiometric  Mixture  of  Aviation  Gasoline  Under  Laboratory 
Conditions 


3  Time-Temperature  for  Ignition  of  Hydrocarbon  Fuel  Vapor  Surface  6 

4  Lightning  Flash  Striking  an  Aircraft  9 

5  Lightning  Flash  Current  Waveforms  10 

6  Swept  Stroke  Phenomenon  12 

7  Current  Waveforms  14 

8  Voltage  Waveforms  A  and  B  15 

9  Voltage  Waveform  D  18 

10  Melt-through  and  Ignition  Threshold  for  Aluminum  Skins  21 

11  Hot-spot  and  Ignition  Thresholds  for  Titanium  Skins  21 

12  Current  and  Charge  Expected  at  a  Zone  2A  Dwell  Point  26 

13  Possible  Lightning  Attachment  to  Nonconducting  Skins  26 

14  Location  of  Metallic  Parts  Within  Nonconducting  Fuel  Tanks  27 

15  Lightning  Current  Paths  in  a  Fuel  Tank  28 

16  Sources  of  Ignition  at  an  Unprotected  Fuel  Filler  Cap  29 

17  Lightning-Protected  Fuel  Filler  Cap  31 

18  Possible  Sparking  at  Structural  Joint  32 

19  Lightning-Protected  Fuel  Filler  Cap  33 

20  Typical  Fuel  Probe  Wiring  33 

21  Typical  Impulse  Sparkover  Voltages  for  a  Capacitance-Type  Probe  34 

22  Possible  Sparking  at  Structural  Joint  35 


LIST  OF  TABLES 


Table  Page 

1  Application  of  Waveform  for  Lightning  Tests  17 

2  Lightning  Dwell  Times  on  Typical  Aircraft  Surfaces  in  Zone  2A  25 

3  Coatings  and  Diverter  Systems  30 


EXECUTIVE  SUMMARY 


This  manual  is  designed  Co  supplement  Che  information  found  in  AC  20-53A  and  pro¬ 
vides  additional  guidance  information. 

The  user's  manual  culminates  the  results  of  a  3-year  effort  of  the  SAE-AE4L  sub¬ 
committee.  This  committee  is  comprised  of  experts  in  the  field  of  lightning 
research  and  protection  of  aircraft  structures  and  avionic  systems  from  the 
adverse  effects  associated  with  atmospheric  electrical  hazards  (lightning  and 
static  electricity).  The  committee  is  comprised  of  experts  from  the  National 
Aeronautics  and  Space  Administration,  Department  of  Defense,  Federal  Aviation 
Administration,  industry,  and  independent  testing  laboratories.  The  document  will 
provide  the  users  of  AC  20-53A,  "Protection  of  Aircraft  Fuel  Systems  Against  Fuel 
Vapor  Ignition  Due  to  Lightning,"  with  information  on  fuel  systems  lightning 
protection  and  methods  of  compliance  of  aircraft  design  for  Federal  Aviation 
Regulations  23.954  and  25.954. 

Elements  of  aircraft  fuel  systems  are  typically  spread  throughout  the  aircraft  and 
occupy  much  of  its  volume.  These  elements  consist  of  the  fuel  tanks,  transfer 
pluafoing,  electronic  controls,  instrumentation,  and  fuel  venting  systems.  Extreme 
care  must  be  exercised  in  the  design,  installation,  and  maintenance  of  all  of  these 
elements  to  ensure  that  adequate  protection  is  obtained. 

The  protection  of  the  fuel  systems  from  lightning  and  static  electricity  should  be 
accomplished  by  at  least  one  of  the  following  approaches: 

.  Eliminating  sources  of  ignition. 

.  Ensuring  that  tank  allowable  pressure  levels  are  not  exceeded  if  ignition 
does  occur,  and/or  ensure  that  the  atmosphere  within  the  fuel  tank  will  not  support 
combustion. 

The  user's  manual  delineates  the  following  areas  of  concern: 

Aircraft  Fuel  System  Lightning  Interaction  which  includes  the  combustion 
process,  sources  of  ignition  and  minimum  ignition  currents. 

Approaches  to  Compliance  includes  a  detailed  step-by-step  procedure  to 
ensure  that  the  acceptable  means  of  compliance  in  AC  20-53A  are  met.  This  section 
also  includes  a  detailed  description  of  aircraft-lightning  strike  zones,  lightning 
environment,  and  recommended  simulated  test  procedures. 

Protection  Considerations  include  procedures  and  methodologies  to  determine 
both  hot-spot  and  melt-through  thresholds  for  various  materials,  bonding  and 
grounding  procedures,  and  electrical  considerations  for  skin  joints  and  interfaces 
in  tubing. 

Although  this  manual  is  as  complete  as  possible,  only  experienced  engineers  and 
scientists  should  undertake  the  task  of  implementation  of  lightning  protection 
of  aircraft  against  atmospheric  electrical  hazards  (lightning  and  static 
electricity) . 
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1.0  PURPOSE. 


This  report  is  intended  to  provide  users  of  Advisory  Circular  (AC)  20-53A  with 
information  on  the  subject  of  fuel  system  lightning  protection  and  methods  of 
compliance  of  aircraft  design  with  Federal  Aviation  Regulations  (FAR)  23.954  and 
25.954. 

2.0  BACKGROUND. 


Airplanes  flying  in  and  around  thunderstorms  are  often  subjected  to  direct  light¬ 
ning  strikes  as  well  as  to  nearby  lightning  strikes  which  may  produce  corona  and 
streamer  formation  on  the  aircraft. 

Elements  of  the  fuel  system  are  typically  spread  throughout  much  of  an  aircraft  and 
occupy  much  of  its  volume.  They  include  the  fuel  tanks  themselves,  as  well  as 
associated  vent  and  transfer  plumbing,  and  electronic  controls  and  instrumentation. 
Careful  attention  must  be  paid  to  all  of  these  elements  if  adequate  protection  is 
to  be  obtained. 

For  the  purposes  of  design  and  of  lightning  protection,  it  is  assumed  that  the 
properties  of  the  fuel  used  by  civil  aircraft,  both  piston  and  turbine  engine 
powered,  are  such  that  a  combustible  mixture  is  present  in  the  fuel  tank  at  all 
times.  Therefore,  the  combination  of  the  flammable  fuel/air  ratio  and  an  ignition 
source  at  the  time  of  a  lightning  strike  could  produce  a  hazardous  condition  for 
the  vehicle.  To  prevent  this  condition  from  occurring,  a  review  and  elimination  of 
the  possible  ignition  sources  within  the  fuel  tank/fuel  system  should  be  conducted. 

Assuming  that  flammable  mixtures  may  exist  in  any  part  of  the  fuel  system,  some 
items  and  areas  susceptible  to  fuel  ignition  include,  but  are  not  limited  to,  vent 
outlets,  metal  fittings  inside  fuel  tanks,  fuel  filler  caps  and  access  doors,  drain 
plugs,  tank  skins,  fuel  transfer  lines  inside  and  outside  of  the  tanks,  electrical 
bonding  jumpers  between  components  in  a  tank,  mechanical  fasteners  inside  of  tanks, 
and  electrical  and  electronic  fuel  system  components  and  wiring. 

Protection  of  fuel  systems  from  lightning  should  be  accomplished  by  at  least  one  of 
the  following  approaches: 

a.  Eliminating  sources  of  ignition. 

b.  Ensuring  that  tank  allowable  pressure  levels  are  not  exceeded  if  ignition 
does  occur,  and/or  ensuring  that  the  atmosphere  within  the  tank  will  not  support 
combustion. 

The  preferred  approach  most  often  followed  is  to  prevent  any  direct  or  indirect 
source  ot  ignition  of  the  fuel  by  lightning.  Accomplishment  of  this  approach  is 
quite  challenging  because  thousands  of  amperes  of  current  are  conducted  through  the 
airframe  when  the  aircraft  is  struck  by  lightning,  and  that  most  conducting 
elements,  including  structures  and  fuel  tank  plumbing,  in  and  on  the  aircraft  are 
involved  to  some  degree  in  this  conduction  process.  A  spark  of  »  2  x  10"^  joule 
may  be  all  the  energy  that  need  be  released  inside  a  fuel  tank  to  initiate  a  fire 
or  explosion. 
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The  excellent  lightning  safety  record  of  civil  aircraft  is  attributed  to  the  high 
electrical  conductivity  of  the  aluminum  alloys  used  in  aircraft  fuel  tank  construc¬ 
tion  and  to  designs  which  suppress  interior  sparking  at  very  severe  lightning 
current  levels. 

However,  composite  materials,  such  as  the  carbon  fiber  composites  (CFC),  when 
associated  with  fuel  systems  present  difficulties  in  providing  equivalent  protec¬ 
tion  because  of  their  lower  electrical  conductivity.  Also,  new  construction 
techniques  such  as  adhesive  bonding  may  have  limited  conductivity  for  lightning 
current  flow.  Also,  indirect  effects,  such  as  lightning-induced  voltages  in  fuel 
system  electrical  wiring  and  other  conducting  elements  may  be  more  severe  within 
composite  structures  than  within  conventional  aluminum  airframes. 

3.0  SCOPE. 


Information  contained  in  this  document  includes  discussions  of  aircraft  fuel  system 
lightning  interactions,  approaches  that  have  been  used  to  show  compliance,  the 
impact  of  materials  and  construction,  lightning  test  waveforms  and  techniques,  and 
methods  for  analysis  of  lightning-induced  transients. 

The  document  incorporates  improvements  in  the  state-of-the-art  with  respect  to 
lightning  effects  and  verification  methods  that  have  taken  place  since  the  previous 
version  of  AC  20-53  were  published.  It  was  written  to  provide  assistance  to  users 
of  AC  20-53A.  The  lightning  environment  defined  in  this  document  is  in  agreement 
with  SAE  Committee  AE4L  report,  "Lightning  Test  Waveforms  and  Techniques  for 
Aerospace  Vehicles  and  Hardware,"  dated  June  20,  1978  (AE4L-78-1)  (Appendix  A). 

4.0  AIRCRAFT  FUEL  SYSTEM  LIGHTNING  INTERACTION. 


Lightning  can  be  a  hazard  to  aircraft  fuel  systems  if  they  are  not  properly 
designed.  The  protection  of  a  properly  designed  system  may  be  negated  if  it  is  not 
correctly  constructed  and  maintained. 

The  effects  of  lightning  on  aircraft  can  range  from  severe  obvious  damage  (such  as 
tearing  and  bending  of  aircraft  skins  resulting  from  high  magnetic  forces,  shock 
waves  and  blast  effects  caused  by  the  high  current,  and  melting  of  metal  skins 
caused  by  the  lower  level  longer  duration  currents  of  some  lightning  strikes)  to 
seemingly  insignificant  sparking  at  fasteners  or  joints.  However,  if  the  sparking 
occurs  in  a  fuel  vapor  space,  ignition  of  the  fuel  vapor  may  result,  with  unaccept¬ 
able  explosion  damage. 

All  or  a  portion  of  the  lightning  current  may  be  conducted  through  fuel  tanks  or 
fuel  system  components.  It  is  important  to  determine  the  current  flow  paths 
through  the  aircraft  for  the  many  possible  lightning  attach  points  so  that  current 
entry  into  the  fuel  system  can  be  safely  accounted  for  by  appropriate  protective 
measures. 

Metals,  low  electrical  conductivity  composite  materials  (e.g.,  carbon  fiber  rein¬ 
forced  composites)  and  electrical  insulating  materials  (e.g.,  fiber  glass  or  aramid 
reinforced  composites)  all  behave  differently  when  subjected  to  lightning.  Yet 
each  of  these  materials  may  be  used  in  similar  aircraft  applications  (e.g.,  wing 
skins  or  fuel  tanks).  The  metals  offer  a  high  degree  of  electrical  shielding  and 
some  magnetic  shielding,  whereas  the  electrical  insulating  materials  (dielectrics) 


offer  Almost  no  electrical  or  magnetic  shielding.  As  a  result  of  the  latter 
properties,  lightning  does  not  have  to  come  in  direct  contact  with  fuel  systems  to 
constitute  a  hazard.  Lightning  can  induce  arcing,  sparking,  or  corona  in  fuel 
areas  which  may  result  in  fuel  ignition.  This  arcing,  sparking,  or  corona  can 
occur  in  areas  widely  separated  from  any  lightning  strike  attachment  point 

due  to  conduction  of  extremely  high  currents  (associated  with  lightning)  through 
the  aircraft  structure  or  fuel  system  components. 

The  damage  to  totally  nonconducting  materials  such  as  the  fiber  glass  and  aramid 
(e.g.,  Kevlar”)  reinforced  composites  can  be  considerably  more  severe,  as  the 
discharge  can  more  easily  penetrate  into  the  interior  and  cause  direct  fuel  vapor 
ignition. 

Lightning  strikes  can  result  in  sparking  and  arcing  within  fuel  systems  unless  they 
are  to  be  spark  free.  Flammable  vapors  can  be  ignited  in  metal  and  semiconducting 
fuel  tanks  by  arcing  and  in  dielectric  fuel  tanks  by  magnetic  and  electric  field 
penetration  which  can  cause  sparking,  arcing,  streamer,  or  corona  discharge. 
Assuming  that  flammable  mixtures  may  exist  in  any  part  of  the  fuel  system,  some 
items  and  areas  susceptible  to  fuel  ignition  include  but  are  not  limited  to  the 
following:  Vent  outlets,  metal  fittings  inside  fuel  tanks,  fuel  filler  caps  and 

access  doors,  drain  plugs,  tank  skins,  fuel  transfer  lines  inside  and  outside  of 
tanks,  electrical  bonding  jumpers  between  components  in  a  tank,  mechanical 
fasteners  inside  of  tanks,  and  electrical  and  electronic  fuel  system  components  and 
wiring. 

4.1  COMBUSTION  PROCESSES. 


4.1.1  Fuel  Flammability. 

The  flammability  of  the  vapor  space  in  a  fuel  tank  varies  according  to  the  concen¬ 
tration  of  evaporated  fuel  in  the  available  air.  Reducing  the  fuel-to-air  ratio 
may  produce  a  vapor/ air  mixture  too  lean  to  burn.  Conversely,  a  vapor  space 
mixture  may  exist  that  could  be  too  rich  to  be  flammable.  In  between  these 
extremes,  there  is  a  range  of  mixtures  that  will  burn  when  provided  an  ignition 
source.  A  typical  equilibrium  flammability  envelope  is  shown  in  figure  1. 


FIGURE  1.  TYPICAL  FLAMMABILITY  ENVELOPE  OF  AN  AIRCRAFT  FUEL 


However,  there  are  a  wide  variety  of  factors  that  effect  the  resultant  fuel/air 
ratio  in  the  vapor  space  of  a  fuel  tank.  The  variety  of  temperatures,  pressures 
and  motions  that  exist  in  flight  can  result  in  a  wide  variation  of  mixtures  in  the 
vapor  space. 

Another  example  is  the  variation  in  initial  oxygen  content  in  the  fuel,  again 
providing  an  additional  factor  in  the  resultant  tank  fuel/air  ratio.  Aeration  of  a  - 

fuel  or  spray  from  a  pump  or  pressurized  fuel  line  can  also  result  in  extending  the 
lower  temperature  flammability  below  the  lean  limit. 
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Considering  the  possible  variables,  the  properties  of  the  fuel  used  by  civil 
aircraft,  both  piston  and  turbine  engine  powered,  are  such  that  a  combustible 
mixture  is  generally  assumed  to  be  present  in  the  fuel  tank  at  any  time. 

Therefore,  the  combination  of  the  flammable  fuel/air  ratio  and  an  ignition  source 
at  the  time  of  a  lightning  strike,  could  produce  a  hazardous  condition  for  the 
vehicle.  To  prevent  this  condition  from  occuring,  a  review  and  elimination  of  the 
possible  ignition  sources  within  the  fuel  tank/fuel  system  should  be  conducted. 

4.1.2  Sources  of  Ignition. 

Laboratory  studies  involving  simulated  lightning  strikes  to  fuel  tanks  or  portions 
of  an  airframe  containing  fuel  tanks  have  demonstrated  several  possible  ignition 
mechanisms.  Examples  of  ignition  sources  are  as  follows: 

1.  Direct  contact  of  the  lightning  arc  with  the  fuel-air  mixture,  as  at  a 
vent  outlet. 

2.  Hot  spot  formation  or  complete  melt-through  of  a  metallic  tank  skin  by 
lightning  arc  attachment. 

3.  Heated  filaments  and  point  contacts  resulting  from  lightning  current 
passage  through  structures  or  components. 

i 

4.  Electrical  sparking  between  two  pieces  of  metal  conducting  lightning 
current,  such  as  poorly  bonded  sections  of  a  fuel  line  or  vent  tube. 

5.  Sparking  from  an  access  door  or  filler  cap  (which  has  been  struck)  to  its 
adapter  assembly. 

6.  Sparking  among  elements  of  a  capacitive- type  fuel  quantity  probe,  caused 
by  lightning-induced  voltages  in  the  electrical  wires  leading  to  such  a  probe. 

7.  Sparking  between  two  conducting  elements  at  different  potentials  as  might 
exist  between  an  aluminum  vent  line  and  adjacent  carbon  fiber  composite  structure. 

8.  Corona  and  streamering  from  fuel  tank  components  within  nonmetallic  tanks.  ; 

4. 1.2.1  Minimum  Ignition  Current. 

In  the  process  of  fuel  vapor  ignition  by  electric  sparks,  a  very  concentrated 
source  of  energy  is  released  in  the  unburned  fuel  vapor  over  a  very  short  period  of 
time.  The  vapor  in  the  immediate  vicinity  of  the  discharge  is  raised  well  above 
the  ignition  temperature  and  an  extremely  steep  temperature  gradient  is  formed.  As 
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Che  flame  zone  grows,  Che  CemperaCure  gradienC  becomes  flaccer  as  Che  excess  heac 
deposited  by  Che  spark  is  added  Co  Che  heaC  of  combustion  being  conducted  out 
through  the  surface  of  the  combustion  wave.  If  sufficient  heat  and  energy  have 
been  deposited  by  the  spark,  the  minimum  combustion  flame  size  will  have  been 
reached  and  ignition  will  occur. 


The  concept  of  a  minimum  ignition  energy  is  of  importance  in  lightning  protection 
as  it  suggests  that  the  critical  factor  is  in  the  total  heat  input  into  the  spark. 
Sparking  in  fuel  tanks  is  often  determined  experimentally  in  terms  of  the  current 
and  time  magnitudes.  An  example  of  a  curve  of  minimum  ignition  peak  current  as  a 
function  of  time  is  shown  in  figure  2. 


Time  In  Microseconds 

Note:  This  data  is  provided  as  an  example  only  and 
should  not  be  relied  upon  for  proof  of  design. 

FIGURE  2.  PLOT  OF  MINIMUM  CURRENT  VS  TIME  DURATION  OF  EXPONENTIALLY  DECAYING 
PULSE  FROM  CAPACITOR  SOURCE  FOR  IGNITION  OF  STOICHIOMETRIC  MIXTURE 
OF  AVIATION  GASOLINE  UNDER  LABORATORY  CONDITIONS 

4. 1.2. 2  Ignition  From  Hot  Spots. 

Ignition  can  also  occur  as  a  result  of  contact  of  fuel  vapor  with  hot  spots  formed 
by  lightning  strikes  contacting  metal  or  composite  fuel  tank  surfaces,  even  if  the 
surface  is  not  punctured  or  melted  completely  through.  In  this  case,  if  the  inside 
surface  of  the  tank  skin  becomes  sufficiently  hot  and  remains  so  for  a  sufficient 
period  of  time  (and  is  in  contact  with  a  flammable  vapor),  "hot  spot  ignition"  may 
occur.  The  time  required  to  ignite  a  flammable  fuel-air  vapor  in  contact  with  a 
titanium  metal  surface  at  various  temperatures  is  shown  in  figure  3.  The  data 
shown  is  for  example  only.  Specific  materials  should  be  evaluated  by  test. 
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0  -  460,000  (s*1) 
t  *  time(s) 


(2)  Component  B  -  Intermediate  Current  -  Component  B  has  an  average 
amplitude  of  2kA  (+10  percent)  flowing  for  a  maximum  duration  of  5ms.  This 
component  should  be  unidirectional;  e.g.,  rectangular,  exponential  or  linearly 
decaying.  For  analysis,  a  double  exponential  current  waveform  should  be  used. 
This  waveform  is  described  mathematically  by  the  double  exponential  expression 
shown  below: 


i(t)  -  lo(£'  e_Bt) 

where : 


I  -  11,300  (A) 
o 

J-  -  700  (s-») 

0  -  2000  (s_1) 
t  ■  time  (s) 


If  the  dwell  time  is  more  than  Sms,  apply  an  average  current  of  400A  for  the 
remaining  dwell  time.  The  dwell  time  shall  have  been  determined  previously  through 
a  swept-stroke  attachment  test  or  by  analysis.  If  such  determination  has  not  been 
made,  the  dwell  time  shall  be  taken  to  be  50ms. 

(3)  Component  C  -  Continuing  Current  -  Component  C  transfers  a  charge  of 
200  coulombs  (+20  percent  in  a  time  of  between  0.25  and  1  second).  This  implies 
current  amplitudes  of  between  200  and  800  amperes.  The  waveform  shall  be  unidirec¬ 
tional;  e.g.,  rectanglular ,  exponential,  or  linearly  decaying.  For  analysis 
purposes,  a  square  waveform  of  200A  for  a  period  of  1  second  should  be  utilized. 

(4)  Component  D  -  Restrike  Current  -  Component  D  has  a  peak  amplitude  of 
lOOkA  (+10  percent)  and  an  action  integral  of  0.25xl0^A^s  (+20  percent).  This 
component  may  be  either  unidirectional  or  oscillatory  with  a  total  tim*  duration 
not  exceeding  500  y  s.  For  analysis  purpose  a  double  exponential  waveform  should 
be  uaed.  This  waveform  represents  a  restrike  of  100,000  amperes  peak  at  a  peak 
rate-of-rise  of  0.5xllA/s.  The  waveform  is  defined  mathematically  by  the  double 
exponential  expression  shown  in  the  following  equation. 
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FIGURE  9.  CURRENT  WAVEFORMS 
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TABLE  1.  APPLICATION  OF  WAVEFORMS  FOR  LIGHTNING  TESTS 


Test  Zone 

Voltage 

A  B  D 

Waveforms 

Current  Components 

A  B  C  D  E 

Full  Size 

Hardware  1A,1B 

Attachment  Point 

X  X1 

Direct  Effects 

Structural  ^ 

2A 

2B 

3 

X  X 

X  X  X  X 

X2  X2  X 
XXX 

X  X 

Direct  Effects  .. 

Combustible  1w 

Vapor  Ignition  ^ 

2B 

3 

X  X 

1  5*  5*  5  ' 

X  XX 

X  X 

Direct  Effects 

Corona  and 

Streamers 

X 

Indirect  Effects 

Related  to  Spark 

Generation  Vi chin 

Fuel  Vapor  Areas 

X3 

NOTE  1:  Volcage  waveform  "D"  nay  be  applied  to  Identify  lower  probability  strike 
points. 


NOTE  2:  Use  an  average  current  of  2kA  +  10  percent  for  a  period  equal  to  the 

dwell  tlae  up  to  a  maximum  of  Sms.  If  the  dwell  time  is  more  than  5ms, 
apply  an  average  current  of  400A  for  the  remaining  dwell  time.  The 
dwell  time  shall  have  been  determined  previously  through  a  swept  stroke 
attachment  test  or  by  analysis.  If  such  determination  has  not  been 
made,  the  dwell  time  shall  be  taken  to  be  50ms. 

NOTE  3:  Indirect  effects  should  also  be  measured  with  current  components  A,B, 

C,  or  D  as  appropriate. 
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b.  Surfaces  directly  aft  of  zone  1A  should  be  considered  as  within  zone  2a. 
Generally,  zone  2A  will  extend  the  full  length  of  the  surface  aft  of  zone  1A,  such 
as  the  fuselage,  nacelles,  and  portions  of  the  wing  surfaces. 

c.  Trailing  edges  of  surfaces  aft  of  zone  2A  should  be  considered  zone  2B,  or 
zone  IB  if  initial  attachment  to  them  can  occur.  If  the  trailing  edge  of  a  surface 
is  totally  nonconductive,  then  zone  2B  (or  IB)  should  be  projected  forward  to  the 
nearest  conductive  surface. 

d.  Surfaces  approximately  18  in.  (0.5  m)  to  either  side  of  initial  or  swept 
attachment  points  established  by  steps  (a)  and  (b)  should  also  be  considered  as 
within  the  sane  zone,  to  account  for  small  lateral  movements  of  the  sweeping 
channel  and  local  scatter  among  attachment  points.  For  example,  the  tip  of  a  wing 
would  normally  be  within  zone  1A  (except  for  its  trailing  edge,  which  would  usually 
be  in  zone  IB).  To  account  for  lateral  motion  of  the  channel  and  scatter,  the  top 
and  bottom  surfaces  of  the  wing,  18  in.  (0.5  m)  inboard  of  the  tip,  should  also  be 
considered  as  within  the  same  zones. 

e.  Surfaces  of  the  vehicle  for  which  there  is  a  low  possibility  of  direfit 
contact  with  the  lightning  arc  channel  that  are  not  within  any  of  the  above  zones, 
but  which  lie  between  them,  should  be  considered  as  within  zone  3.  Zone  3  areas 
may  carry  substantial  amounts  of  electrical  energy. 

5.2  ESTABLISHMENT  OF  THE  LIGHTNING  ENVIRONMENT. 

For  verification  purposes,  the  natural  lightning  environment  (which  comprises  a 
wide  statistical  range  of  current  levels,  duration,  and  number  of  strokes)  is 
represented  by  current  test  components  A  through  E,  and  voltage  test  components  A, 
B,  and  D.  When  testing  or  analysis  is  required,  the  waveforms  defined  below  should 
be  used.  Applications  of  waveforms  and  lightning  zones  are  detailed  in  table  1. 


a.  Current  Waveforms  -  Test 


There  are  four  current  components  (A,  B,  C,  and  0)  that  are  applied  to 
determine  direct  effects.  Current  waveform  E  is  used  to  determine  indirect 
effects.  Components  A,  B,  C,  and  D  each  simulate  a  different  characteristic  of  the 
current  in  a  natural  lightning  flash  and  are  shown  in  figure  9.  They  are  applied 
individually  or  as  a  composite  of  two  or  more  components  together  in  one  test.  The 
tests  in  which  these  waveforms  are  applied  are  presented  in  table  1. 

(1)  Component  A  -  Initial  High  Peak  Current  -  Component  A  has  a  peak 
amplitude  of  200kA  (+10  percent)  and  an  action  integral  (  /  i2  dt)  of  2xlO^A2s  (+20 
percent)  with  a  total  time  duration  not  exceeding  500 ps.  This  component  may  be 
unidirectional  or  oscillatory.  For  analysis  purposes,  a  double  exponential  current 
waveform  should  be  used.  This  waveform,  represents  a  return  stroke  of  200,000 
amperes  peak  at  a  peak  rate  of  rise  of  lxl0^A/s.  This  waveform  is  defined 
mathematically  by  the  double  exponential  expression  shown  in  the  following 
equation. 


LIGHTNING  STRIKE  ZONES 


ZONE  IB. 


A  B  '  C  0 
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FIGURE  7.  LIGHTNING  STRIKE  ZONES  (TYPICAL) 
(See  Sections  5.1.2  end  5.1.3) 


5.1.2  Lightning  Strike  Zone  Definitions. 

To  account  for  each  of  the  possibilities  described  in  the  foregoing  paragraphs,  the 
following  zones  have  been  defined. 

Zone  1 

Zone  1A;  Initial  attachment  point  with  low  possibility  of  lightning  arc 
channel  hang-on. 

Zone  IB:  Initial  attachment  point  with  high  possibility  of  lightning 

arc  channel  hang-on. 

Zone  2 

Zone  2A:  A  swept  stroke  zone  with  low  possibility  of  lightning  arc 

channel  hang-on. 

Zone  2B;  A  swept  stroke  zone  with  high  possibility  of  lightning  arc 

channel  hang-on. 

Zone  3 

Zone  3:  All  of  the  vehicle  areas  other  than  those  covered  by  zone  1  and 

2  regions.  In  zone  3,  there  is  a  low  possibility  of  any  attachment  of  the  direct 

lightning  channel.  Zone  3  areas  may  carry  substantial  amounts  of  electric  current, 
but  only  by  direct  conduction  between  some  pair  of  direct  or  swept  stroke  attach¬ 
ment  points. 

The  zone  definitions  are  in  basic  agreement  with  the  definitions  of  earlier  ver¬ 
sions  of  advisory  circular  20-53,  except  that  the  former  zones  1  and  2  have  been 
subdivided  to  account  for  low  and  high  possibilities  of  the  lightning  arc  channel 
hang-on  (figures  7  and  8).  The  locations  of  these  zones  on  any  aircraft  are 
dependent  on  the  aircraft's  geometry  and  operational  factors,  and  often  vary  from 
one  aircraft  to  another. 

5.1.3  Location  of  Lightning  Strike  Zones. 

With  these  definitions  in  mind,  the  locations  of  each  zone  on  a  particular  aircraft 
may  be  determined  as  follows: 

a.  Extremities  such  as  the  nose,  wing  and  empennage  tips,  tail  cone,  wing 
mounted  nacelles  and  other  significant  projections  should  be  considered  as  within  a 
direct  strike  zone  because  they  are  probable  initial  leader  attachment  points. 
Those  that  are  forward  extremities  or  leading  edges  should  be  considered  in  zone 
1A,  and  extremities  that  are  trailing  edges  should  be  in  zone  IB.  Most  of  the 
time,  the  first  return  stroke  will  arrive  shortly  after  the  leader  has  attached  to 
the  aircraft,  so  zone  1A  is  limited  to  the  immediate  vicinity  (18  inches  or 
approximately  0.5  m)  aft  of  the  forward  extremity.  However,  in  rare  cases  the 
return  stroke  may  arrive  somewhat  later,  thereby  exposing  surfaces  further  aft  to 
this  environment.  This  possibility  should  be  considered  if  the  probability  of  a 
flight  safety  hazard  due  to  a  zone  1A  strike  to  an  unprotected  surface  is  high. 
Where  questions  arise  regarding  the  identification  of  initial  attachment  locations 
or  where  the  airframe  geometry  is  unlike  conventional  designs  for  which  previous 
experience  is  available,  scale  model  attachment  point  tests  may  be  in  order. 


13 


f&r. 


•  -  ^ 


attachment  point,  the  movement  of  the  aircraft  through  the  lightning  channel  causes 
the  channel  to  sweep  back  over  the  surface,  as  illustrated  in  figure  6,  producing 
subsequent  attachment  points.  This  is  known  as  the  swept  stroke  phenomenon.  As 
the  sweeping  action  occurs,  the  characteristics  of  the  surface  can  cause  the 
lightning  channel  to  reattach  and  dwell  at  various  surface  locations  for  different 
periods  of  time,  resulting  in  a  series  of  discrete  attachment  points  along  the 
sweeping  path. 


E 

TIME  BASE  L 

FIGURE  6.  SWEPT-STROKE  PHENOMENON  (LIGHTNING  CHANNEL  POSITION  SHOWN 
RELATIVE  TO  AIRCRAFT) 

The  amount  of  damage  produced  at  any  point  on  the  aircraft  by  a  swept-stroke 
depends  upon  the  type  of  material,  the  dwell  time  at  that  point,  and  the  lightning 
currents  which  flow  during  the  attachment.  High  peak  current  restrikes  with 
intermediate  current  components  and  continuing  currents  may  be  experienced. 
Restrikes  typically  produce  reattachment  of  the  arc  at  a  new  point. 

When  the  lightning  channel  has  been  swept  back  to  one  of  the  trailing  edges,  it  may 
remain  attached  at  the  point  for  the  remaining  duration  of  the  lightning  event.  An 
initial  attachment  point  at  a  trailing  edge,  of  course,  would  not  be  subjected  to 
any  swept  stroke  action,  and  therefore,  this  attachment  point  will  be  subjected  to 
all  components  of  the  lightning  event. 

The  significance  of  the  swept  stroke  phenomena  is  that  portions  of  the  vehicle  that 
would  not  be  targets  for  the  initial  attachment  points  of  a  lightning  flash  may 
also  be  involved  in  the  lightning  strike  process  as  the  lightning  channel  is  swept 
backwards,  although  the  channel  may  not  remain  attached  at  any  single  point  for 
very  long.  On  the  other  hand,  strikes  that  reach  trailing  edges  must  be  expected 
to  remain  attached  there  (hang-on)  for  the  balance  of  their  natural  duration. 


12 


5 .1.1. 1.2  High  Peak  Current  Phase. 

The  high  peak  current  associated  with  lightning  occurs  after  the  step  leader 
reaches  the  ground  and  forms  what  is  called  the  initial  return  stroke  of  the 
lightning  flash.  This  return  stroke  occurs  when  the  charge  in  the  leader  channel 
is  suddenly  able  to  flow  into  the  low  impedance  ground  and  neutralize  the  charge 
attracted  into  the  region  prior  to  the  step  leader's  contact  with  the  ground. 
Typically,  the  high  peak  current  phase  is  called  the  return  stroke  and  is  in  the 
range  of  10  to  30kA  (amperes  x  10^).  Higher  currents  are  possible  though  less 
probable.  A  peak  current  of  200kA  represents  a  very  severe  stroke,  one  that  is 
exceeded  only  about  0.5  percent  of  the  time  for  flashes  to  earth.  While  200kA  may 
be  considered  a  practical  maximum  value  of  lightning  current,  in  rare  cases,  higher 
peak  currents  can  occur.  The  current  in  the  return  stroke  has  a  fast  rate  of 
change,  typically  about  10  to  20kA  per  us  and  exceeding,  in  rare  cases,  lOOkA  per 
microsecond.  Typically  the  current  decays  to  half  its  peak  amplitude  in  20 
to  40  {is.  ho  correlation  has  been  shown  to  exist  between  peak  current  and 
rate  of  rise. 

5. 1.1. 1.3  Continuing  Current. 

The  total  electrical  charge  transported  by  the  lightning  return  stroke  is  rela¬ 
tively  small  (a  few  coulombs).  The  majority  of  the  charge  is  transported  immedi¬ 
ately  after  the  first  return  stroke.  This  is  an  intermediate  phase  where  a  few 
thousand  amperes  flow  for  only  a  few  milliseconds,  followed  by  a  continuing  current 
phase  (200  to  400  amperes)  which  varies  from  100  milliseconds  to  a  second.  The 
maximum  charges  transfered  in  the  intermediate  and  continued  phases  are  10  and  200 
coulombs,  respectively. 

5. 1.1. 1.4  Restrike  Phase. 

In  a  typical  lightning  flash  there  will  be  several  high  current  strokes  following 
the  first  return  stroke.  These  occur  at  intervals  of  several  tens  of  milliseconds 
as  different  charge  pockets  in  the  cloud  are  tapped  and  their  charge  fed  into  the 
lightning  channel.  Typically,  the  peak  amplitude  of  the  restrikes  is  about  one 
half  that  of  the  initial  high  current  peak,  but  the  rate  of  current  rise  is  often 
greater  than  that  of  the  first  return  stroke.  The  continuing  current  often  link 
these  various  successive  return  strokes,  or  restrikes. 

5. 1.1. 1.5  Initial  Attachment. 

The  lightning  flash  is  a  high  current  discharge  between  charge  centers  in  clouds, 
or  between  cloud  and  ground.  Initially,  the  lightning  flash  produces  at  least  two 
attachment  points  on  the  aircraft,  between  which  the  lightning  channel  current  will 
flow.  Typically,  these  initial  attachment  points  are  at  the  extremities  of  the 
aircraft.  These  include  the  nose,  wing  tips,  elevator  and  stabilizer  tips,  pro¬ 
truding  antennas,  and  engine  nacelles  or  propeller  blades. 

5. 1.1. 1.6  Swept  Stroke  Phenomenon. 

The  lightning  channel  is  somewhat  stationary  in  air  while  it  is  transferring  elec¬ 
trical  charge.  When  an  aircraft  is  involved,  the  aircraft  becomes  part  of  the 
channel.  However,  due  to  the  speed  of  the  aircraft  and  the  period  of  time  that  the 
lightning  channel  exists,  the  aircraft  can  move  relative  to  the  lightning  channel. 
When  a  forward  extremity,  such  as  a  nose  or  wing  mounted  engine  pod  is  an  initial 
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Currant 
(Not  to  Scat*) 


(A)  Generalized  waveshape  of  current  in  negative  cloud- to-ground 
lightning. 


JBO  SI  ***• 

(Time  not  to  scale) 

(B)  Moderate  positive  lightning  flash  current  waveform 


FIGURE  5.  LIGHTNING  FLASH  CURRENT  WAVEFORMS 


Figure  4  -  Lightning  Flash  Striking  an  Aircraft. 
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c.  Submit  a  final  test  report  describing  all  results  and  obtain  FAA  approval 
thereof. 

The  following  paragraphs  provide  information  on  each  of  the  above  steps. 

5.1  DETERMINATION  OF  LIGHTNING  STRIKE  ZONES  AND  THE  LIGHTNING  ENVIRONMENT. 

It  is  well  known  that  lightning  strikes  do  not  reach  all  surfaces  of  an  aircraft, 
and  that  the  intensity  and  duration  of  currents  entering  those  surfaces  that  may  be 
struck  vary  according  to  location.  To  account  for  these  variations,  lightning 
strike  zones  have  been  defined.  Once  the  locations  of  these  zones  have  been 
established  for  a  particular  aircraft,  the  lightning  environment  and  need  for 
protection  can  be  determined.  The  mechanism  of  lightning  strike  attachment  zone 
definitions,  and  some  guidelines  for  location  of  lightning  strike  zones  on  a 
particular  aircraft  are  given  in  the  following  paragraphs. 

5.1.1  Aircraft  Lightning  Strike  Phenomena. 

5. 1.1.1  Natural  Lightning  Strike  Electrical  Characteristics. 

Lightning  flashes  are  of  two  fundamentally  different  forms,  cloud-to-ground  flashes 
and  inter/ intracloud  flashes.  Because  of  the  difficulty  of  intercepting  and 
measuring  inter/ intracloud  flashes,  the  great  bulk  of  the  statistical  data  on  the 
characteristics  of  lightning  refer  to  cloud- to-ground  flashes.  Aerospace  vehicles 
intercept  both  inter/ intracloud  and  cloud- to-ground  lightning  flashes.  There  is 
evidence  that  the  inter/ intracloud  flashes,  figure  4,  lack  the  high  peak  currents 
of  cloud- to-ground  flashes.  Therefore,  the  use  of  cloud- to-ground  lightning  strike 
characteristics  as  design  criteria  for  lightning  protection  seems  conservative. 

There  can  be  discharges  from  either  a  positive  or  a  negative  charge  center  in  the 
cloud.  A  negative  discharge  is  characterized  by  a  return  stroke,  possibly  one  or 
more  restrikes,  and  continuing  currents  as  shown  in  figure  5(A).  A  positive 
discharge  which  occurs  a  smaller  percentage  of  the  time  is  shown  in  figure  5(B). 
It  is  characterized  by  lower  peak  current,  higher  average  current,  and  longer 
duration  in  a  single  stroke  and  must  be  recognized  because  of  its  greater  energy 
content.  This  possibility  is  accounted  for  in  the  action  integral  associated  with 
current  component  A,  and  the  charge  associated  with  component  B.  The  following 
discussion  describes  the  more  frequent  negative  flashes. 

5. 1.1. 1.1  Prestrike  Phase. 

The  lightning  flash  is  typically  originated  by  a  step  leader  which  develops  from 
the  cloud  toward  the  ground  or  toward  another  charge  center.  As  a  lightning 
step  leader  approaches  an  extremity  of  the  vehicle,  high  electrical  fields  are 
produced  at  the  surface  of  the  vehicle.  These  electric  fields  give  rise  to  other 
electrical  streamers  which  propagate  away  from  the  vehicle  until  one  of  them 
contacts  the  approaching  lightning  step  leader  as  shown  in  figure  4.  Propagation 
of  the  step  leader  will  continue  from  other  vehicle  extremities  until  one  of  the 
branches  of  the  step  leader  reaches  the  ground  or  another  charge  center.  The 
average  velocity  of  propagation  of  the  step  leader  is  about  one  meter  per  micro¬ 
second  (pa)  and  the  average  charge  in  the  whole  step  leader  channel  is  about  5 
coulombs. 


5.0  APPROACHES  TO  COMPLIANCE. 


In  general,  Che  seeps  below  outline  an  effective  method  to  show  compliance. 

1.  Determine  the  Lightning  Strike  Zones  -  Determine  the  aircraft  surfaces,  or 
i  sones,  where  lightning  strike  attachment  is  likely  to  occur,  and  the  portions  of 

the  airframe  through  which  currents  may  flow  between  these  attachment  points.  The 
strike  sone  locations  are  defined  in  paragraph  5.1.2.  Guidance  for  location  of 
the  strike  zones  on  a  particular  aircraft  is  provided  in  paragraph  5.1.3. 

2.  Establish  the  Lightning  Environment  -  Establish  the  component(s)  of  the 
total  lightning  flash  to  be  expected  in  each  lightning  strike  zone.  They  are  the 
voltages  and  currents  that  should  be  considered,  and  are  defined  in  paragraph  5.2. 

3.  Identify  Possible  Ignition  Sources  -  Identify  systems  and/or  components 
that  might  be  ignition  sources  to  fuel  vapor.  Ignition  hazards  may  include  struc¬ 
tures  as  well  as  fuel  system  mechanical  and  electrical/electronic  components. 
Refer  to  paragraph  4.1.2. 

Note:  In  order  to  provide  concurrence  on  the  certification  compliance,  the  above 
three  sequential  steps  should  be  accomplished,  reviewed  with  the  appropriate  FAA 
personnel,  and  agreement  reached  prior  to  test  initiation  to  prevent  certification 
delays. 

4.  Establish  Protection  Criteria  -  Establish  lightning  protection  pass-fail 
criteria  for  those  items  to  be  evaluated. 

5.  Verify  Protection  Adequacy  -  Verify  the  adequacy  of  the  protection  design 
by  similarity  with  previously  proven  installation  designs,  simulated  lightning 
tests  or  acceptable  analysis.  Developmental  test  data  may  be  used  for  certifica¬ 
tion  when  properly  documented  and  coordinated  with  the  certification  agency. 

Note:  Except  for  standard  design/ installation  items  which  have  a  history  of 
acceptability,  any  new  material,  design,  or  unique  installation  should  follow  the 
additional  guidelines  provided  herein  to  insure  certification  compliance  can  be 
accomplished. 

As  appropriate: 

a.  Generate  a  certification  plan  which  describes  the  analytical  procedures 
and/or  the  qualification  procedures  to  be  utilized  to  demonstrate  protection 
effectiveness.  This  plan  should  describe  the  production  or  test  article(s)  to  be 
utilized,  test  drawing(s)  as  required,  the  method  of  installation  that  simulates 
the  production  installation,  the  lightning  zone(s)  applicable,  the  lightning 
simulation  method(s),  test  voltage  or  current  waveforms  to  be  used,  spark  detection 
methods,  and  appropriate  schedules  and  location(s)  of  proposed  test(s). 

b.  Obtain  FAA  concurrence  that  the  certification  plan  is  adequate. 

c.  Obtain  FAA  detail  part  conformity  of  the  test  articles  and  installation 
conformity  of  applicable  portions  of  the  test  setup. 

d.  Schedule  FAA  witnessing  of  the  test. 


J-  »  27,500  (s  l) 
e  -  415,000  (s“l) 
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(5)  Current  Waveform  E  -  Fast  Rate-of-Rise  Stroke  Test  for  Full-Size 
Hardware  -  Current  waveform  E  has  a  rate-of-rise  of  at  least  25kA/jis  for  at  least 
0.5 |is,  as  shown  in  figure  9.  Current  waveform  E  has  a  minimum  amplitude  of  50kA. 
Alternatively,  components  A  or  D  may  be  applied  with  a  25kA/|iS  rate-of-rise  for  at 
least  0.5ys  and  the  direct  and  indirect  effects  evaluation  conducted  simultaneously. 

Indirect  effects  measured  as  a  result  of  this  waveform  must  be  extrapo¬ 
lated  as  follows.  Induced  voltages  dependent  upon  resistive  or  diffusion  flux 
should  be  extrapolated  linearly  to  a  peak  current  of  200  kA. 

Induced  voltages  dependent  upon  aperture  coupling  should  be  extrapolated 
linearly  to  a  peak  rate-of-rise  of  100  kA/us. 

b.  Voltage  Waveforms  -  Test  -  There  are  three  voltage  waveforms,  "A,"  "B," 
and  "D,"  which  represent  the  electric  fields  associated  with  a  lightning  strike. 
Voltage  waveforms  "A"  and  "D"  are  used  to  test  for  possible  dielectric  puncture  and 
other  potential  attachment  points.  Voltage  waveform  "B"  is  used  to  test  for 
streamers.  The  test  in  which  these  waveforms  are  applied  are  presented  in  table  1. 

(1)  Voltage  Waveform  A  -  Basic  Lightning  Waveform  -  Waveform  A  has  an 
average  rate-of-rise  of  1x10^  volts  per  microsecond  (+ 50  percent)  until  its 
increase  is  interrupted  by  puncture  of,  or  flashover  across,  the  object  under  test. 
At  that  time,  the  voltage  collapses  to  zero.  The  rate  of  voltage  collapse  or  the 
decay  time  of  the  voltage,  if  breakdown  does  not  occur  (open  circuit  voltage  of  the 
lightning  voltage  generator),  is  not  specified.  Voltage  waveform  A  is  shown  in 
figure  10. 

(2)  Voltage  Waveform  B  -  Full  Wave  -  Waveform  B  rises  to  crest  in  1.2 
(+20  percent)  microseconds.  Time-to-crest  and  decay  time  refer  to  the  open  circuit 
voltage  of  the  lightning  voltage  generator,  and  assume  that  the  waveform  is  not 
limited  by  puncture  or  flashover  of  the  object  under  test.  This  waveform  is  shown 
in  figure  10. 

(3)  Voltage  Waveform  D  -  Slow  Front  -  The  slow  fronted  waveform  has  a 
rise  time  between  20  and  250  ys  to  allow  time  for  streamers  from  the  test  object  to 
develop.  It  should  give  a  higher  strike  rate  in  tests  to  the  low  probability 
regions  that  might  have  been  excepted  in  flight.  This  waveform  is  shown  in 
figure  11. 


ms 


*l0f 


WAVEFORM  A 


V 


FIGURE  10.  VOLTAGE  WAVEFORMS  A  AND  B 

NOTE:  Voltage  Waveform  "B"  Full  Wave  -  Wave 

"B"  rises  to  crest  in  1.2  (+_  20  percent) 
us.  Time  to  crest  and  decay  time 
(refer  to  open  circuit  voltage)  of  the 
lightning  voltage  generator,  and  assume 
that  the  waveform  is  not  limited  by 
puncture  or  flashover  of  the  object 
under  test. 
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FIGURE  11.  VOLTAGE  WAVEFORM  D 


c.  Current  Waveforms  -  Analysis  -  For  analysis  of  direct  effects,  the 
waveforms  defined  in  paragraph  8a  above  will  be  used.  For  analysis  of  indirect 
effects,  the  waveform  to  be  used  represents  a  return  stroke  of  200,000  amperes  peak 
at  a  rate  of  rise  of  lxl0^A/s.  The  waveform  is  defined  mathematically  by  the 
double  exponential  expression  shown  below. 

i(t)  -  i0Ce"d-t-£-et) 

where: 

X0  -  223,000  A 
<*-  *  11,000 
6  *  460,000 

t  ■  time  (s) 

5.3  IDENTIFICATION  OF  POSSIBLE  IGNITION  SOURCES. 

In  this  step,  the  fuel  system  structures,  components,  and  subsystems  that  may 
possibly  constitute  a  source  of  ignition  or  other  hazard  to  flight  safety  during  a 
lightning  strike  should  be  identified.  Examples  include: 

Access  doors 
Filler  caps 
Dip  sticks 
Sump  drains 

Fuel  probe  mounting  doors 

Skin  joints  and  structural  interfaces 

Fuel  tank  plumbing  hardware  (i.e.,  couplings  and  fittings) 

Vent  outlets 
Jettison  outlets 
Temperature  compensators 

Electrical  apparatus  (i.e.,  quantity  probes,  pumps,  electrical 
feed-through  connectors,  low  level  indicators). 

Bond  lines  between  composite  structural  components  which  are 
structurally  bonded  together. 

In 'addition  to  the  sources  noted,  voltages  and  currents  induced  by  lightning  in 
fuel  system  electrical  wiring  or  plumbing  may  create  electrical  sparks  or  arcs  at 
components  within  the  fuel  tanks. 

5.4  VERIFICATION  METHODS. 

Verification  methods  may  encompass  the  range  from  (1)  comparison  with  previous 
design;  (2)  analysis;  (3)  developmental  tests  under  controlled  conditions;  (4) 
"qualification  testing." 


5.4.1  Comparison  With  Previous  Design. 

In  some  cases,  lighCning  protection  can  be  inferred  if  the  design  is  the  same  or 
very  similar  to  a  design  which  has  been  shown  to  be  "safe"  with  respect  to  light¬ 
ning.  However,  sometimes  what  may  appear  to  be  small  changes  in  design  may  result 
in  a  design  going  from  "safe"  to  "unsafe."  It  is  therefore  desirable  to  conduct 
tests  on  the  modified  design  to  verify  its  integrity. 

5.4.2  Analysis. 

The  aircraft  designer  generally  uses  analysis  to  predict  the  operation  of  a  new 
aircraft,  and  analysis  could  possibly  be  used  to  determine  if  a  new  fuel  system  is 
free  of  ignition  hazards  related  to  lightning.  However,  due  to  the  complexity  of 
today’s  aircraft  and  the  transient  nature  of  lightning,  it  is  extremely  difficult 
to  predict  the  exact  lightning  current  flow  paths  and  the  behavior  of  the  fuel 
system.  For  this  reason,  it  is  generally  better  to  use  comparison  to  a  similar 
design  or  to  actually  conduct  "qualif ication  testing." 

5.4.3  Comparison  with  Development  Tests. 

Wherever  appropriate  and  practicable,  government  and  industry  personnel  should 
specify  or  use  the  lightning  test  techniques,  waveform  characteristics,  and  pro¬ 
cedures  of  appendix  A  during  all  phases  of  the  lightning  protection  development. 
Test  results  and  test  article  configuration  should  be  well  documented.  By  so 
doing,  it  is  frequently  possible  to  assemble  test  data  from  the  development  phase 
which  is  of  adequate  validity  and  applicability  to  be  used  for  qualification.  For 
some  large  complex  systems,  it  may  not  be  possible  or  economically  feasible  to 
conduct  lightning  qualification  tests  on  a  production  configuration.  For  these 
cases,  the  final  qualification  verification  must  be  synthesized  from  the  verifi¬ 
cation  of  the  subsystems  or  equipment.  For  more  complex  programs,  utilizing 
the  above  approach,  will  result  in  substantial  program  savings  in  cost,  schedule, 
and  time.  (These  savings  can  be  significant  even  in  low  complexity  programs). 

New  designs  should  generally  be  tested  at  qualification  levels  to  verify  that 
they  are  satifactory.  Sometimes  during  a  development  program  several  different 
designs  are  tested  to  determine  the  best  design  for  a  particular  application.  If 
during  these  preliminary  tests  certain  shortcomings  become  evident,  it  may  be 
possible  to  show  by  comparison  to  development  tests  and  analysis  of  a  modified 
design  that  modified  production  configurations  do  not  suffer  the  same  shortcomings 
revealed  during  the  development  tests. 

5.4.4  Qualification/Certification  Testing. 

Qualification/certification  testing  means  that  the  system  and/or  its  parts  are 
representative  of  production  items  and  are  tested  at  full  threat  level. 

The  threat  level  is  determined  by  the  location  of  the  fuel  system  on  the  aircraft 
(see  paragraph  5.1.3).  Verification  that  a  fuel  system  is  safe  from  the  deleter¬ 
ious  effects  of  lightning  requires  that  a  system  and/or  its  components  be:  (1) 

Subjected  to  the  appropriate  simulated  lightning  strike(s);  and  (2)  instrumented 
and  tested  in  a  manner  so  that  an  unsafe  condition  can  be  identified. 


s 


5. 4. 4.1  Lightning  Environment  and  Test  Setuc 


The  lightning  test  voltage  or  current  levels  and  waveshapes  are  dictated  by 
the  strike  zones  in  which  the  fuel  system/components  are  located  on  the  aircraft 
(refer  to  table  1).  The  test  components  should  be  production  hardware  (or  equiva¬ 
lent)  and  set  up  and  connected  to  the  lightning  generator(s)  so  that  the  current 
transfer  into  and  out  of  the  test  sample  is  similar  to  that  which  would  be  experi¬ 
enced  by  these  components  if  they  were  installed  in  the  aircraft. 


If  testing  is  used,  characteristics  of  the  in-flight  environment  such  as  altitude, 
temperature,  pressure,  aircraft  motion  and  aerodynamic  forces  should  be  evaluated 
and  accounted  for,  if  appropriate. 


5. 4. 4. 2  Tests  Utilizing  Fuel-Air  Mixtures. 


One  technique  used  to  verify  the  "safe"  fuel  system  is  to  use  ignitable  mixtures  of 
fuel-air  in  the  test  object  during  the  time  when  it  is  struck  by  the  simulated 
lightning  discharge.  Optimum  fuel-air  mixtures;  i.e.,  those  that  require  a  minimum 
energy  for  ignition,  are  used,  and  tests  are  required  to  demonstrate  that  the 
proper  ignitable  mixture  was  present  in  the  fuel  system  at  the  time  when  the 
lightning  tests  were  conducted. 


5. 4. 4. 3  Tests  Utilizing  Photographic  and  Temperature  Sensing  Apparatus. 


Another  technique  used  to  verify  the  "safe"  fuel  system  relies  on  photographic, 
infrared,  and/or  temperature  measurement  to  infer  ignition  of  a  flammable  mixture 
without  using  fuel  for  the  test.  If  the  suspected  problem  is  hot  spot  ignition, 
then  a  camera  equipped  with  infrared  film,  an  image  converter,  temperature  sensi¬ 
tive  paints,  or  thermocouples  may  be  used.  If  the  suspected  problem  is  the  result 
of  arcing  or  sparking,  then  photographic  or  image  converter  techniques  should  be 
used.  Mirrors  and  auxiliary  lenses  and  other  optical  systems  should  be  used  with 
care.  The  particular  photographic  system  selected  should  be  capable  of  detecting  a 
0.2  millijoule  spark  produced  by  a  capacitor  discharge.  Additional  information  on 
use  of  photographic  methods  for  detection  of  sparks  may  be  found  in  appendix  A, 
paragraph  4.1.3. 


5. 4. 4. 4  Pass-Fail  Criteria. 


Any  indication  of  sparking  or  hot  spots,  or  actual  fuel  ignition  constitutes  a 
failure.  If  fuel-air  mixtures  are  used  for  testing,  then  ignition  of  the  fuel 
could  constitute  failure.  However,  if  flame  suppressants  such  as  reticulated  foam 
are  used,  and  if  the  flame  was  suppressed  without  damage  to  the  system,  then  the 
system  would  have  passed  and  could  be  classified  as  "safe." 


If  photographic  and  similar  techniques  are  used  to  detect  hot  spots  and  sparks, 
etc.,  then  any  hot  spot  above  the  ignition  temperature  or  arcing  and  sparking  would 
be  considered  unacceptable. 


6.0  PROTECTION  CONSIDERATIONS. 


The  following  paragraphs  present  basic  guidelines  and  areas  of  concern  with 
respect  to  lightning  protection.  It  is  recognized  that  protection  design  is  a 
constantly  changing  technology  and  that  many  other  approaches  may  be  possible. 


sm  .*  .* 


With  the  establishment  of  methods  to  predict  the  lightning  current  amplitude  and 
charge,  as  well  as  dwell  time,  sufficient  information  is  available  to  utilize  the 
charts  of  figures  12  or  13  to  determine  the  skin  thicknesses  which  will  or  will  not 
be  melted  through. 

NOTE;  It  is  not  a  recommended  practice  to  extend  the  fuel  system  into  a 
zone  1A  or  IB  area.  If  it  is  deemed  necessary  to  utilize  the 
zone  1  area  for  the  fuel  system,  special  design  considerations 
must  be  incorporated  to  assure  satisfactory  lightning  protection. 

This  protection  criteria  must  address  potential  areas  of  concern 
such  as  binding  radius,  etc. 

6.1  DETERMINATION  OF  ALUMIMUM  SKIN  THICKNESS  REQUIREMENTS. 

For  example,  let  us  assume  that  a  bare  solid  aluminum  skin  is  planned  for  an 
integral  tank  in  zone  2A,  and  that  it  is  desired  to  determine  how  thick  this  skin 
should  be  to  prevent  melt-through.  Further,  let  us  say  that  this  aircraft  will  fly 
at  velocities  as  low  as  58  m/s  (130  mph) .  From  table  2,  the  expected  dwell  time 
for  this  unpainted  skin  would  be  2  ms.  From  figure  14,  an  average  of  2kA  would 
flow  into  the  dwell  point  during  this  period,  delivering  4  C  of  charge.  According 
to  figure  12,  these  parameters  intersect  at  a  point  about  half-way  between  the 
coulomb  ignition  threshold  curves  for  0.051cm  (0.020  in.)  and  0.102cm  (0.040  in.) 
aluminum  skins,  indicating  that  0.102cm  is  the  thinnest  skin  that  should  be 
cons idered. 

TABLE  2.  LIGHTNING  DWELL  TIMES  ON  TYPICAL  AIRCRAFT  SURFACES  IN  ZONE  2A 


Aircraft  Velocities 

Surface  Type 

15. 5  .m/s 
(35  mph) 

5S  m/s 
(130  mph) 

103  m/s 
(230  mph) 

Aluminum  and 
titanium  unpainted 

*1  to  4  ms 

2  2 . 0  ms 

2 1.0  ms 

Aluminum  anodized 

4  4 . 8  ms 

2  2 . 6  ms 

Aluminum  painted 

3 up  to  20  ms 

up  to  10  ms 

Note 

1  -  See 

Reference 

1 

Note 

2  -  See 

Reference 

2 

Note 

3  -  See 

Reference 

3 

Note 

4  -  See 

Reference 

4 
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TIME  TO  FUEL  IGNITION  THRESHOLD  •  SECONDS 


FIGURE  12.  MELT-THROUGH  AND  IGNITION  THRESHOLD  FOR  ALUMINUM  SKINS 


TIME  TO  1 320  C  HOT  SPOT  THRESHOLDS  •  SECONDS 


FIGURE  13.  HOT-SPOT  AND  IGNITION  THRESHOLDS  FOR  TITANIUM  SKINS 
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FIGURE  14.  CURRENT  AND  CHARGE  EXPECTED  AT  A  ZONE  2A  DWELL  POINT 
.  Delivers  IOC  in  first  5ms  at  any  dwell  point 
.  Delivers  0.4C/ms  thereafter 
.  Delivers  400A  for  all  50ms  if  dwell  time  not 
known  (Drawn  with  straight  lines  for  explanation 
purposes  only) 

Different  dwell  points,  different  coatings,  and  different  thicknesses  will  cause 
correspondingly  different  dwell  times.  Consider,  for  example,  the  longest  dwell 
time,  20ms,  reported  in  table  2  for  a  painted  surface.  During  this  period,  the 
current  of  figure  14  would  deliver  16  C.  These  parameters  intersect  at  a  point 
just  above  the  0.229cm  (0.090  in.)  curve  in  figure  12  indicating  that  even  the 
0.203cm  (0.080  in.)  thickness  may  be  insufficient  to  prevent  ignition  where  certain 
paints  are  used.  In-flight  experience  has  shown  that  0.080  inch  aluminum  skins 
without  thick  paints  can  tolerate  zone  2A  currents  without  melt-through. 

Therefore,  if  paints  or  other  surface  treatments  must  be  used,  it  is  advisable  to 
perform  swept-stroke  tests  to  establish  the  actual  dwell  time,  or  to  perform 
melt-through  tests  to  determine  the  actual  melt-through  (or  hot  spot)  threshold. 

6.2  DETERMINATION  OF  TITANIUM  SKIN  THICKNESS  REQUIREMENTS. 

By  using  the  chart  of  figure  13,  it  is  possible  to  determine  titanium  skin  thick¬ 
nesses  in  a  manner  similar  to  that  for  determining  aluminum  skin  thicknesses.  The 
ignition  threshold  for  titanium  occurs  when  the  backside  (fuel  side)  of  the  skin 
reaches  1320*  C,  a  cemperature  sufficient  to  ignite  a  fuelair  vapor.  (Reference  4) 

6.3  DETERMINATION  OF  PART I ALLY-CONDUCTIVE  COMPOSITE  MATERIAL  SKIN 
THICKNESS  REQUIREMENTS. 

No  charts  of  the  type  in  figures  12  and  13  have  as  yet  been  generated  for  other 
metals  or  conductive  composite  materials,  and  the  vulnerability  of  these  should  be 
evaluated  by  test. 

Lightning  effects  within  fuel  systems  are  a  problem  generic  to  both  metallic  and 
composite  fuel  tanks.  The  problem  in  a  composite  structure  is  complicated  by  the 
reduced  electrical  conductivity  and  the  complex  mechanical  properties  of  the 
material  and  the  joints. 

6.4  INTEGRAL  FUEL  TANKS  WITH  ELECTRICALLY  NONCONDUCTIVE  SKINS. 

In  some  cases,  nonconducting  materials  such  as  fiberglass-reinforced  plastics  (FRP) 
are  used  instead  of  metals  for  integral  fuel  tank  skins.  In  these  cases,  the 
lightning  channel  will  either: 


Puncture  the  skin  and  attach  to  an  electrically  conductive  object  inside  the 
skin  (tank),  path  (a)  on  figure  15;  or 

Divert  around  the  nonmetallic  skin  and  attach  to  an  adjacent  metallic  skin  or 
other  object,  path  (b). 


FIGURE  15.  POSSIBLE  LIGHTNING  ATTACHMENT  TO  NONCONDUCTING  SKINS 


If  the  channel  reaches  the  skin  but  remains  on  the  outside  surface,  path  (b),  it  is 
not  likely  that  the  skin  will  burn  through  or  that  its  inside  surface  will  become 
hot  enough  to  ignite  fuel.  The  reason  for  this  is  that  the  current  is  not  elec¬ 
trically  conducted  by  the  skin,  and  the  hot  arc  channel  does  not  lie  close  enough 
or  long  enough  against  the  skin  to  burn  through  it.  In  fact,  its  effects  are 
usually  limited  to  burning  of  external  paints,  if  present,  or  to  slight  singeing 
of  the  nonmetallic  skin.  However,  an  approaching  leader  induces  streamers  from 
conductive  elements  of  the  aircraft  including  objects  located  beneath  nonconducting 
skins.  If  the  electric  field  producing  the  streamers  is  strong  enough,  the  skin 
may  suffer  dielectric  breakdown  (puncture)  and  allow  the  streamer  to  reach  the 
approaching  leader.  This  is  most  likely  to  occur  when  there  is  no  external  conduc¬ 
tive  object  nearby  from  which  another  streamer  can  propagate  and  reach  the  leader 
first.  Obviously,  if  a  puncture  occurs  through  an  integral  fuel  tank  wall,  fuel  is 
placed  in  direct  contact  with  the  lightning  arc  channel  and  ignition  is  possible; 
therefore,  normal  practice  has  been  not  to  have  fuel  extend  into  the  zone  1A  wing 
tip  area. 

Puncture  of  skins  can  be  prevented,  or  at  least  greatly  minimized  by  placement  of 
conductive  diverters  on  the  outside  surface  of  the  tank  as  shown  in  figure  16. 
These  diverters  should  be  placed  close  enough  to  each  other  or  to  other  conductors 
to  prevent  an  internal  streamer  from  puncturing  the  skin.  In  theory,  this  means 
that  the  diverters  should  be  close  enough  to  greatly  reduce  the  internal  electric 


field  and  prevent  internal  streamer  formation,  since  such  streamers  will  intensify 
the  field  as  they  propagate  outward.  Prevention  of  internal  streamers  by  diverters 
is  called  electrostatic  shielding,  and  successful  accomplishment  of  this  function 
is  necessary  to  prevent  skin  punctures  and,  equally  important,  to  prevent  internal 
streamers  from  forming  and  becoming  a  source  of  ignition. 

Because  streamers  form  most  readily  from  sharp  conducting  edges  and  corners,  the 
number  of  metallic  parts  inside  a  nonconducting  fuel  tank  should  be  minimized  and 
those  that  remain  should  be  located  as  far  from  nonconducting  skins  as  possible  and 
designed  with  smooth,  rounded  edges  instead  of  sharp  points.  These  concepts  are 
illustrated  in  figure  16.  Also,  metallic  parts  should  be  located  with  as  great  a 
spacing  from  nonconducting  skins  as  possible. 


perhaps  make  this  of  nonmetallic 
material 

if  it  must  be  metallic,  keep  as 

far  Inboard  as  possible 

keep  as  far  from  skins  as  possible 


.Fuel  Quantity  Unit 

mount  as  far  inboard 
as  possible 

Outer  edge  of  fuel  tank 

Navigation  Light 

•  bond  to  diverter  strip 

•  run  power  wires  inside 
metal  conduit  which 

is  solidly  bonded  to 
inboard  wall  and  to 
lamp  housing 


FIGURE  16.  LOCATION  OF  METALLIC  PARTS  WITHIN  NONCONDUCTING  FUEL  TANKS 

If  a  diverter  protection  system  such  as  that  shown  in  figure  16  is  used,  it 
will  often  be  most  effective  if  not  painted.  Painting  of  the  fiberglass  skin 
itself,  of  course,  is  to  be  encouraged,  as  the  added  insulation  provided  by  the 
paint  will  further  reduce  the  probability  of  skin  puncture. 

If  a  diverter  arrangement  is  not  practical  for  some  reason,  a  conductive  coating 
may  be  applied  to  the  tank  instead.  Such  a  coating  may  be  a  metal  foil  or  a  paint 
heavily  doped  with  metal  or  carbon  particles.  The  major  disadvantage  of  these 
coatings  is  that  a  relatively  large  portion  of  the  coating  may  be  melted  or  burned 
away  when  the  flash  attaches  to  it.  A  coating  may  have  to  be  prohibitively  thick 
(one  approaching  the  thickness  of  conventional  metallic  skins  themselves)  to  avoid 
these  results. 

On  the  other  hand,  a  conductive  coating  has  the  important  advantage  of  providing  an 
overall  electrostatic  shield  that  will  virtually  eliminate  internal  electric  fields 
and  streamering.  Thus,  if  metallic  objects  must  be  located  inside  the  tank  in  such 
a  manner  that  streamers  are  of  concern,  it  may  be  advisable  to  consider  a  conduc¬ 
tive  coating  over  the  entire  nonconducting  skin.  This  precaution  is  particularly 
appropriate  if  occasional  burnoff  of  part  of  the  coating  is  acceptable  from  a 
maintenance  standpoint. 
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Precipitation-static  must  be  considered  carefully  in  applying  conducting  coatings 
to  plastic  surfaces.  If  the  external  conductive  coatings  are  not  well  bonded  to 
the  airframe,  severe  precipitation-static  interferences  with  substantial  RF  inter¬ 
ference  can  result. 

Coatings  rely  on  one  of  two  techniques:  High  and  low  electrical  conductivity  to 
protect  the  dielectric  material. 

High  conductivity  coatings  having  a  low  electrical  resistance  in  which  the 
current  is  conducted  directly  in  the  coating.  The  current  density  is  very  high  at 
the  strike  attachment  point  but  it  diminishes  rapidly  as  the  current  spreads  from 
the  lightning  attachment  point.  This  will  probably  result  in  a  minimum  of  electro¬ 
magnetic  coupling  to  systems  (wiring,  metallic  tubing,  metal  brackets,  etc.)  behind 
or  in  the  vicinity  of  the  strike. 

Low  conductivity  coatings  such  as  carbon  or  metal  filled  paints,  in  which  the 
lightning  current  is  not  conducted  by  the  material  but  rather  the  conditions,  are 
established  so  that  the  lightning  arc  can  more  easily  flash  across  the  surface  than 
puncture  the  dielectric  material.  Since  the  lightning  current  probably  does  not 
spread  out  but  remains  as  a  single  conducting  plasma  path,  the  electromagnetic 
coupling  would  be  similar  to  that  obtained  by  a  wire  carrying  a  similar  current. 

Some  metal  filled  paints  are  nonconductive  and  do  not  offer  electrostatic  shielding. 
As  a  result,  the  approaching  lightning  channels  can  induce  streamers  from  conductors 
mounted  behind  the  coating.  Typical  coating  and  diverter  systems  are  listed  below: 


TABLE  3.  COATINGS  AND  DIVERTER  SYSTEMS 


Thin  natal  j 

! - 1 

{  Vice  wtshai  j 

(jraidrd  or  woven#  » 

Sprayed  aecal  | 

coat logs  ( 

1  Mecai-£tll*a  m;bc  1 

|  -highl*  conouctivw  | 

|  Metal-f iliaa  pain:  | 

I  -not  conduct iva  j 


Carbon  filled  paint  j 
-high  conductivity  j 

Carbon- f  tiled  pa  me  j 

-Ion  conductivtcv 


Alunini»-co4C«a 
fiber  tlaas  cloth 

Heavy  conductive 
•etai  -strips 

expendable  Chin 
conductive 
aecal  strips 

Button  diverter 


Metal  particles  or 
die Leccfl :  strip 
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Users  of  any  of  Che  techniques  listed  in  table  3  should  be  aware  that  improper 
designs  can  create  additional  problems  such  as  structural  damage  or  systems  inter¬ 
face,  and  should  carefully  evaluate  proposed  designs  and  verify  adequacy  by  test. 

6.5  COMPONENTS,  JOINTS,  AND  INTERFACES. 

Electrical  wires  and  plumbing  within  fuel  tanks  pose  another  problem  due  to 
negligible  electromagnetic  shielding  properties  of  these  materials. 

In  the  past,  much  attention  has  been  given  to  keeping  lightning  currents  out  of  the 
interior  of  the  aircraft  by  providing  conductive  and  tightly  bonded  skins. 
Since  most  lightning  currents,  due  to  their  short  duration,  will  not  have  suffi¬ 
cient  time  to  diffuse  completely  to  interior  structural  elements  such  as  spars  and 
ribs,  some  current  will  flow  in  other  internal  conductors  such  as  fuel  and  vent 
lines. 

Since  so  little  energy  is  needed  for  an  igniting  spark,  the  behavior  of  these 
internal  currents  is  of  great  importance  to  fuel  system  safety.  Of  course,  when 
the  lightning  currents  which  do  flow  in  the  skin  encounter  discontinuities  at 
access  doors,  filler  caps,  and  the  like,  a  possibility  of  sparking  exists  if 
electrical  bonding  is  inadequate;  therefore,  the  behavior  of  lightning  currents 
remaining  in  the  skins  is  important. 

Figure  17  shows  the  possible  lightning  current  paths  in  a  typical  fuel  tank  and 
calls  attention  to  these  areas  of  greatest  concern.  These  areas  are  discussed  in 
the  following  subparagraphs. 


Dry  Electrical  Apparatus 

and  Wiring 


FIGURE  17.  LIGHTNING  CURRENT  PATHS  IN  A  FUEL  TANK 

31 


•  .v 


.. 


6.5.1  Filler  Caps. 

The  need  Co  provide  a  liquid-tight  seal  around  fuel  tank  filler  caps  has  led  to  use 
of  various  gaskets  and  seals  between  the  cap  and  its  mating  surface  in  the  tank. 
Most  of  these  have  little  or  no  electrical  conductivity,  leaving  the  metallic 
screws  or  other  fasteners  as  the  only  conducting  paths  into  the  cover.  If  these 
fasteners  are  inadequate  or  if  they  present  too  much  inductance,  lightning  currents 
may  build  sufficient  voltage  along  such  paths  to  spark  across  the  nonconducting 
seals,  creating  shorter  paths.  Some  of  these  sparks  may  occur  at  the  inside 
surfaces  of  the  joints  and  be  a  source  of  fuel  ignition. 

Research  has  been  accomplished  to  evaluate  this  possibility  and  it  has  been 
demonstrated  that  direct  strikes  to  filler  caps  can  cause  profuse  spark 
showers,  inside  the  tank,  of  ample  energy  to  ignite  fuel.  Such  a  situation 
is  illustrated  in  figure  18. 


FIGURE  18.  SOURCES  OF  IGNITION  AT  AN  UNPROTECTED  FUEL  FILLER  CAP 

Lightning  protected  filler  caps  have  been  designed  to  prevent  internal  sparking. 
Figure  19  illustrates  this  type  of  cap.  It  incorporates  a  plastic  insert  chat 
precludes  any  sparking  at  interior  faying  surfaces  and  replaces  the  previous  ball 
chain  with  a  nonconducting  plastic  strap.  Lightning  protected  fuel  tank  filler 
caps  are  commercially  available  and  are  being  used  in  many  aircraft  where  filler 
caps  must  be  located  in  direct  or  swept-lightning  strike  zones.  Even  though 
lightning  protected  fuel  filler  caps  are  used,  attention  must  also  be  given  to 
assuring  that  the  cap  adapter-to-tank  skin  interface  is  free  of  ignition  sources. 
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FIGURE  19.  LIGHTNING-PROTECTED  FUEL  FILLER  CAP 


NOTE:  It  is  most  important  to  assure  that  filler  cap  mounting  adapters  and 
fasteners  will  not  spark  internally  to  the  adjacent  skin  during  a  lightning  strike 
to  the  cap,  adaptor  or  fastner. 

6.5.2  Fuel  Probes. 


Extreme  care  must  be  taken  to  ensure  that  adequate  gaps  are  maintained  between  the 
active  electrodes  of  the  probe  and  airframe.  It  is  particularly  important  that 
sufficient  insulation  be  provided  between  active  electrodes  and  the  airframe 
because  the  highest  induced  voltages  appears  between  all  of  the  incoming  wires 
and  airframe.  This  is  shown  in  figure  20. 
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FIGURE  20.  TYPICAL  FUEL  PROBE  WIRING 
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Zone  2 :  Surfaces  of  the  vehicle  across  which 
there  Is  a  high  probability  of  a  lightning  flash 
being  swept  by  the  airflow  from  a  Zone  1  point 
of  Initial  flash  attaclinent. 

Zona  3:  Zone  3  includes  all  of  the  vehicle 
areas  other  then  those  covered  by  Zona  1  and 
Zone  2  regions.  In  Zone  3  there  is  a  low  prob¬ 
ability  of  any  attachment  of  the  direct  light¬ 
ning  flash  arc.  Zone  3  areas  nay  carry  sub¬ 
stantial  amounts  of  electrical  current  but  only 
by  direct  conduction  between  some  pair  of  dir¬ 
ect  or  swept  stroke  attachment  points. 

Zones  1  and  2  nay  be  further  divided  Into  A  and 
eg Inns  depending  on  the  probability  that  the  flash 
1  uang  on  :or  any  protracted  period  of  tine.  An  A 
e  region  is  one  In  which  there  Is  low  probability 
t  tiie  arc  will  remain  attached  and  a  B  type  region 
one  In  which  there  Is  a  high  probability  that  the 
'Jill  remain  attached.  Zone  examples  of  zones  are 
follows:  ' 

Zone  1A:  Initial  attachment  point  with  low  prob¬ 
ability  of  flash  hang-ont  such  as  a  loading  edge. 

Zone  IB:  Initial  attaclsaent  point  with  high  prob¬ 
ability  of  flash  liang-on,  such  as  a  trailing  edge. 

Zone  2A:  a  swept  stroke  zone  with  low  probabil¬ 
ity  of  flash  hang-on,  such  as  a  wing  old-span. 

Zone  2ii:  A  swept  stroke  zone  with  high  proba-  ’ 
hlllty  of  flash  liang-on,  such  as  a  wing  Inboard 
trailing  edge. 

Aerospace  Vehicle  lightning  Effects  Phenomena 

Tim  lightning  effects  to  which  aerospace  vehl- 
i  are  exposed  and  the  affects  which  should  be  re- 
luced  through  laboratory  testing  with  simulated 
■  tnlng  v/avef orae  can  be  divided  into  BISECT  KF- 
iS  and  KJDIlUiCT  ZFFTCTS.  The  direct  effects  of 
itnlng  are  the  burning,  eroding,  blasting,  and 
ictural  deformation  caused  by  lightning  arc  at- 
n.-ent,  as  wall  as  the  high-proasura -shock  waves 
magnetic  forces  produced  by  the  associated  high 
roots.  The  indirect  efforts  are  predominnt  1  v 
w  result  In",  from  che  interaction  of  the  oloctrn- 
il'ttc  field::  accnmpnnvin"  lirhcnin"  with  electical 
iratun  in  the  aircraft.  Hazardous  indirect  effects 
Ld  in  principle  be  produced  hy  a  lightning  flash 
:  did  not  directly  contact  the  aircraft  and  Uunce 
not  capable  of  producing  the  direct  effects  of 
ilng  and  blasting.  However,  It  is  currently  bo¬ 
red  tliot  most  Indirect  effects  of  importance  vill 
associated  with  a  direct  lightning  flash.  In  some 
is  lioth  direct  and  Indirect  effects  nay  occur  to 
some  component  of  the  aircraft.  An  example  woulu 
i  lightning  flash  to  an  antenna  which  physically 
«ges  the  antenna  and  also  sends  damaging  voltages 
}  the  transmitter  or  receiver  connected  to  t’.tet 
inns.  In  this  docmaent  the  physical  uonage  to  the 
anna  will  he  diacussad  as  a  direct  effect  and  the 
tagnn  or  currents  coupled  from  the  untenna  into 
comun lea t Ions  equipment  will  be  treatod  ss  an 
irect  affect. 


2.3.1  Direct  Effects 

Tim  nature  of  the  particular  direct  effects  as¬ 
sociated  with  any  lightning  flash  depends  upon  the 
structural  component  Involved  and  the  particular 
phene  of  the  lightning  current  transfer  discussed 
earlier. 

2. 3. 1.1  Burning  and  Hrodlnfl 

The  continuing  current  phase  of  a  lightning 
stroke  can  caune  aevere  burning  and  eroding  damage 
to  vehicle  structures.  The  most  severe  damage  oc¬ 
cur::  when  the  lightning  channel  dwells  or  lutngs  on 
at  one  point  on  the  vehicle  for  the  entire  period  of 
the  lightning  flash,  such  as  in  Zone  IB.  Tills  can 
result  in  lioles  of  up  to  a  few  centimeters  in  dia¬ 
meter  on  the  aircraft  akin. 

Z.j.l.Z  Vapor iz.it ion  Pressure 

due  high  peak  current  niiuoo  oi  t.ie  l  it’.ul  i.  in;: 
flu:.. i  transfers  a  large  amount  of  enoriv  i.i  a  snort 
period  of  time,  a  few  tens  of  i.i icrosoi'om::;.  This 
energy  transfer  can  result  in  a  fast  tnonuil  vaporiza¬ 
tion  of  material.  If  tin's  occurs  in  :i  conf  ined  area 
such  as  a  radome,  a  high  pressure  nnv  be  created 
which  nay  lie  of  sufficient  magnitude  to  cause 
structural  damage.  The  vaporization  of  net a  I  ami 
other  materials  and  the  heating  of  the  air  inside 
the  radome,  create  too  high  internal  pressure  t hut 
loads  to  structural  failure.  In  si<ne  Lust. 'intros 
inr  irp  rndomos  have  Keen  hlo.-n  from  the  .aircraft, 

2.  5.1.3  ilagnotic  Force 

During  the  high  peal,  current  phase  of  the  light¬ 
ning  flash  the  flow  of  current  through  sharp  bends 
or  conwn  of  the  aircraft  structure  can  cause  ex¬ 
tensive  magnetic  flux  interaction.  In  cortaln  cases, 
the  resultant  nagnetlc  forces  can  twist,  rip,  dis¬ 
tort,  and  tear  structures  away  from  rivets,  screws, 
and  other  fasteners.  These  magnetic  forces  are  pro¬ 
portional  to  the  square  of  the  magnetic  field  Inten¬ 
sity  and  thus  are  proportional  to  the  square  of  the 
lightning  current.  The  damage  produced  is  related 
both  to  the  nagnetlc  force  and  to  the  response  tine 
of  tim  system. 

2. 3. 1.6  Fire  and  Zxploslon 

fuel  vapors  and  other  combustibles  may  be  Ig¬ 
nited  in  several  ways  by  a  lightning  flash.  During 
the  prestrike  phase  high  electrical  stresses  around 
the  vehicle  produce  streamers  fron  the  aircraft  ex¬ 
tremities.  Tim  design  and  location  of  fuel  vents 
determine  their  susceptibility  to  straauer  condi¬ 
tions.  If  stroariers  occur  fron  a  fuel  vent  in  which 
flammable  fuel-air  mixtures  are  present,  ignition 
nny  occur.  If  this  ignition  is  not  arrested,  flames 
can  propagate  into  the  fuel  tank  area  and  cause  a 
major  fuel  explosion. 
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In  a  typical  lightning  flaah  there  will  be  sev- 
1  high  currant  stroke*  following  the  first  return 
oka.  Tliasa  occur  at  intervals  of  several  tana  of 
liseconda  as  different  charge  pocUaes  in  tha  cloud 
tapped  and  thair  charge  fad  into  tha  lightning 
nnel.  Typically  ths  peak  snplitude  of  the  ra¬ 
ises  is  about  one  half  that  of  tha  initial  high 
rent  peak,  but  tha  rate  of  currant  rise  is  often 
ater  titan  that  of  tha  first  return  stroke.  The 
cinuing  currant  often  links  thasa  various  succass- 
i  return  strokes,  or  restrikea. 

Aerospace  Vehicle  Lightning  Strike  Phenomena 
.1  Initial  Attachment 

Initially  the  lightning  flaah  will  enter  and  exit 
i  aircraft  at  two  or  more  attachment  points.  Thera 
1  always  be  at  least  one  entrance  point  and  one  axit 
nt.  It  Is  not  possible  for  the  vehicle  to  store  the 
ictrlcsl  energy  of  the  lightning  flesh  in  the  cnpacl- 
’c  field  of  the  vehicle  and  so  avoid  an  exit  point, 
'ically  those  initial  attachment  points  are  at  the 
realties  of  the  vehicle.  These  include  the  nose, 
ig  tips,  elevator  and  stabilizer  clps,  protruding 
lenruia,  and  engine  pods  or  propeller  bledee.  Light- 
ig  can  also  attach  to  the  leading  edge  of  svapt  trines 
I  joiic  control  surfaces. 

1.2  Swept  Stroke  Phenomenon 

The  lightning  channel  ia  soraewhat  stationary  ir. 
ice  t/itile  it  is  transferring  electrical  charge. 
iu  a  vehicle  is  lnvolvat!  it  becomes  part  of  tlio 
mnel.  However,  due  to  the  speed  of  the  vehicle 
I  the  length  of  tine  tluit  the  lightning  channel  ex- 
:n,  tlie  vehicle  can  novo  relative  to  the  lightning 
tnnel.  '/lien  a  forward  extrenlty,  such  as  a  nose 
wing  mounted  engine  pods  are  involved,  Che  surface 


moves  through  the  lightning  channel.  Titus  the  light¬ 
ning  eiiannel  appears  to  sweep  back  over  the  surface 
sa  Illustrated  in  Figure  2-1.  This  is  known  as  the 
swept  stroks  phenooenon.  As  the  sweeping  action  oc¬ 
curs,  che  type  of  surface  can  cause  the  lightning 
c!  ia  nnel  attach  point  to  dwell  at  various  surface  lo¬ 
cations  for  dlfforont  periods  of  tine,  resulcinc  in 
a  skipping  action  '.'ltich  produces  a  aeries  of  dis- 
crute  attachment  points  along  the  sweeping  path. 

Tito  , mount  of  damage  produced  at  any  point  on 
che  aircraft  by  a  swape-stroke  depends  upon  the  type 
of  material,  the  arc  dwell  cine  at  that  point,  and 
Che  lightning  currents  which  flow  during  che  attach¬ 
ment.  loch  high  pool:  current  restrikes  with  inter¬ 
mediate  current  components  and  continuing  currents 
nay  be  axperlanccd.  ".ascribes  typically  pvodutu  ro- 
attachnont  of  the  arc  at  a  new  point. 

When  che  lightning  arc  has  been  swept  back  to 
one  of  the  trailing  edges  It  nay  remain  attached  at 
that  point  for  the  remaining  duration  of  the  light¬ 
ning  flash.  An  initial  exit  point,  if  it  occur:!  at 
a  trailing  edge,  of  course,  would  not  be  subjected 
Co  any  swept  stroke  action. 

Tie  significance  of  the  swept  etroke  phenomenon 
is  that  portions  of  the  vehicle  that  would  not  be 
tnrgetn  for  the  Initial  entry  and  exit  point  of  a 
lightning  flash  nay  also  bo  involved  In  the  light¬ 
ning  flaah  process  as  cho  flash  is  swept  backwards 
irmas  tha  vehicle. 

2 . 1 . 1  Lightning  Attachment  •'oner. 

Aircraft  surfaces  can  then  be  divided  Into  three 
tones,  with  each  ton*  ’.laving  different  lightning  at- 
t.iclu lent  and/or  transfer  characteristics.  These  .ire 
defined  as  follows: 

Zone  1:  Surfaces  of  che  vehicle  for  which  there 

is  a  high  probability  of  initial  lightning,  flash 

attachment  (entry  or  exit). 


Figure  2-)  Swept  stroke  phenomenon 
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2.0  LIGHTNXlkS  STRIXS  FHEMOMBIA 

2.1  natural  Lightning  Strike  Electrical  Characteristics 


Lightning  fluhu  art  of  eve  fundamentally  diff¬ 
erent  forma,  cloud -to— ground  flaahaa  and  lntar/lntra- 
cloud  flashes.  Becauae  of  tha  difficulty  of  In tar- 
cap  ting  and  aaaaurlng  lntar/lneracloud  flaahaa  tha 
grant  bulk  of  tha  ataclatlcal  data  on  eha  charactar- 
latlca  of  lightning  rofar  eo  cloud- to-ground  flaahaa. 
Aerospace  vahlclaa  lntarcapt  both  lntar/lneracloud 
and  cloud-co-ground  lightning  flaahaa  aa  shown  in 
Figure  2-1.  Thar a  la  avidaaca  that  tha  Intar/lntra- 
cloud  flaahaa  lack  tha  high  pack  currants  of  cloud- 
to-r.round  flaahaa.  Therafore,  tha  uaa  of  cloud-to- 
groimd  lightning  icrlka  eharactarlatlca  aa  daalgn 
crltaria  for  lightning  protaction  aaana  conaarvatlva. 

Thar a  can  ba  dlaehargaa  from  aithar  a  poaltiva 
or  a  nagatlva  charga  cantar  In  eha  cloud.  A  nega¬ 
tive  dlacharga  la  charactarlxad  by  savaral  inter¬ 
mittent  atrokaa  and  continuing  currants  as  shown  In 
Figure  2-2 (A).  A  positive  discharge,  which  occurs 
only  a  snail  buc  significant  percentage  of  tha  tine, 
in  shown  in  Figure  2-2 (B).  It  la  charactarlxad  by 
both  higher  average  current  and  longar  duration  la  a 
slnglo  stroke  and  nuat  ba  recognlxod  because  of  lta 
rreatar  energy  concent.  Tha  following  discussion 
describee  tha  more  common  nagatlva  flaahaa. 

2.1.1  Preacrlke  Phase 

Tho  lightning  flash  Is  typically  originated  by 
a  atop  leader  which  develops  from  tha  cloud  toward 
eha  ground  or  towards  another  charge  cantar.  Aa  a 
lightning,  stop  leader  approaches  an  extreaiity  of  tha 
vehicle,  high  electrical  fields  are  produced  at  eha 
surface  of  the  vehicle.  These  electric  fields  Civs 
rise  eo  ochar  electrical  streamers  which  propagate 
away  froa  tha  vahlda  until  one  of  then  contacts  tha 
approaching  lightning  step  loader  aa  shown  on  Figure 
2-1.  Propagation  of  tha  step  loader  will  continue 
tron  other  vehicle  extremities  until  one  of  eha 
branches  of  tha  stop  lender  reaches  tha  ground  or  an¬ 
other  charga  cancer.  The  average  velocity  of  propa¬ 
gation  of  tha  scop  laador  la  about  one  natsr  par  mic¬ 
rosecond  and  the  average  charge  in  eha  whole  neap 
leader  cliannal  is  about  5  coulombs . 


Illnh  Peak  Currant  Phase 


Tho  high  peak  currant  associated  with  lightning 
occurs  after  the  seep  leader  reaches  tha  ground  and 
forna  what  la  called  tha  return  stroke  of  tha  light¬ 
ning  flash.  Tills  return  stroke  occurs  when  eha 
ciiarge  In  tha  loader  cliannal  is  suddenly  able  to  flow 
into  tha  low  Inpad anca  ground  and  neutralize  tha 
charga  attracted  Into  eha  region  prior  eo  tha  atap 
loader 'a  contact  with  tha  ground.  Typically,  eha 
high  peak  currant  phaaa  la  called  tha  return  stroke 
and  la  in  tha  ranga  of  10  to  30  kA  (amperes  x  10J). 
Higher  currants  ora  possible  though  lass  probable. 

A  peak  currant  of  200  kA  represents  a  very  ao vara 
stroke,  one  that  la  exceeded  only  about  0.3  percent 
of  tlie  tins.  Mtiile  200  kA  nay  be  considered  a  pract¬ 
ical  maximal  vslua  of  lightning  currant.  It  should  ba 
anphaeizad  thee  In  rare  eases  a  larger  currant  can  oc¬ 
cur.  tellable  maaaurasents  ara  few,  but  there  la 
circumstantial  evidence  that  peak  currants  can  exceed 
iOCI  k\.  Tlia  currant  in  tha  return  atroka  lias  a  fast 
rata  of  change,  typically  about  10  to  20  kA  per  (tic ro- 


Fig.  2-1  Lightning  flash  striking  an  aircraft. 


second  and  exceeding.  In  rare  casos,  100  k.1  par  nicro- 
second.  Typically  tho  current  decays  to  lialf  lta  peal; 
jnpl  ltuda  in  20  to  A0  jisac.  Mo  correlation  has  bean 
shown  to  exist  hatwsan  peak  currant  and  rata  of  rise. 


2.1.3  Pont lnu inn  Currant 


Tlia  total  c'.uirga  transported  by  the  lightning 
return  stroke  is  relatively  email,  a  few  coulombs. 

Most  of  tha  charge  is  transported  in  two  phases  of 
tha  lightninc  flash  following  tha  first  return  stroke. 
Tliasa  ara  an  Intermediate  pliaaa  in  which  currants  of 
a  few  thousand  anperes  flow  for  tines  of  a  few  milli¬ 
seconds  end  a  continuing  currant  phaaa  in  which  cur¬ 
rants  of  the  order  of  200-400  anperes  flow  for  tlnoe 
varying  fron  about  a  tenth  of  a  second  to  one  second. 
Tie  noxious  cliargs  transferred  in  eha  intermediate 
phaaa  la  about  10  coulombs  and  tho  maximal  charge 
transported  during  eha  eotal  continuing  currone  nhase 
is  about  200  coulombs. 
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i.o  rmtooccnoN 

Tills  docuMnc  presents  east  waveforms  and  tach- 
nlquss  for  simulated  lightning  tasting  of  aerospace 
vehicles  and  hardware.  Tha  waveforms  prasantad  ara 
based  on  tha  bast  avallsbla  knowledge  of  the  natural 
lightning  anvlrotnont  eouplad  with  a  practical  con¬ 
sideration  of  neate-of-the-arc  laboratory  techniques. 
This  document  does  not  Include  design  criteria  nor 
does  It  specify  which  ltais  should  or  should  not  be 
tasted. 

Toaes  and  associated  procedures  described  here¬ 
in  ere  divided  into  two  general  categories: 

o  ijuollf lcatlon  tests 

o  Engineering  tests 

Acceptable  lovels  of  dosage  and/or  pass-fall 
criteria  for  tha  qualification  tests  nust  be  provided 
by  the  cognisant  regulatory  autliority  for  each  parti¬ 
cular  case. 

The  engineering  tests  provide  laportant  data 
that  n.»y  be  nacaaeary  to  achieve  a  quallfloble  design. 

Ttio  tern  Aaroapace  Vehicle  covers  a  wide  variety 
of  ays tens.  Including  fixed  wing  aircraft,  helicop¬ 
ters,  nlssllea,  and  spacecraft.  In  addition,  natural 
lightning  is  a  coupler  and  variable  phanmanon  and 
Its  Interaction  with  different  types  of  vehicles  nay 


be  annlfested  in  nany  different  ways.  It  la  tliera- 
fnre  difficult  to  address  every  possible  situation  lu 
detail.  However,  the  test  vaveforns  described  liarein 
represent  the  significant  aspects  of  the  natural  en¬ 
vironment  and  are  therefore  Independent  of  vehicle 
type  or  configuration.  The  racomended  test  techni¬ 
ques  nave  also  been  kept  general  to  cover  aa  taany 
teat  situations  as  possible.  Rone  unique  situations 
any  not  fit  Into  the  general  guidelines;  in  such  In¬ 
stances,  application  of  che  waveforn  components  nust 
be  tailored  to  the  specific  situation. 

The  test  waveform  and  techniques  described 
herein  for  qualification  tests  simulate  t'c  effects 
of  a  savara  lightning  strike  to  an  aerospace  vehicle. 
Uhere  it  lias  been  shown  that  test  conditions  can  af- 
foct  results  of  the  test,  a  specific  approach  Is  re- 
cornendud  aa  a  guideline  to  new  laboratories  and  for 
consistency  of  results  between  laboratories. 

It  Is  not  intended  that  every  wavufom  and  test 
described  herein  be  applied  to  every  syataa  requiring 
lightning  verification  teats.  The  document  le  written 
so  that  specific  aspects  of  the  anvlrooent  can  be 
called  out  for  each  specific  program  as  dictated  by 
the  vehicle  design,  perfomanee,  and  nlealon  con¬ 
straints. 
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11.  Entry  Point  -  A  lightning  attachment  point  where  charge  enters  the  aircraft. 

12.  Exit  Point  -  A  lightning  attachment  point  where  charge  exits  the  aircraft. 

13.  Incendiary  Arcs/Sparks  -  Arcs,  sparks,  or  spark  showers  capable  of  igniting 
flammable  vapors. 

14.  Indirect  Effects  -  The  results  of  electromagnetic  coupling  from  lightning 

(such  as  induced  sparking  in  fuel  quantity  probe  wiring). 

15.  Leader  -  The  stepped  leader  is  initiated  by  a  preliminary  breakdown  within  the 
cloud.  The  preliminary  breakdown  sets  the  stage  for  negative  charge  to  be 
channeled  towards  the  ground  in  a  series  of  short  luminous  steps. 

16.  Lightning  Flash  -  The  total  lightning  event  in  which  charge  is  transferred 

from  one  charge  center  to  another.  It  may  occur  within  a  cloud,  between  clouds,  or 

between  a  cloud  and  ground.  It  can  consist  of  one  or  more  lightning  strokes. 

17.  Lightning  Strike  -  Any  attachment  of  the  lightning  flash  to  the  aircraft. 

18.  Lightning  Stroke  (Return  Stroke)  -  A  lightning  current  surge,  return  stroke, 

that  occurs  when  the  lightning  leader  makes  contact  with  the  ground  or  another 

charge  center. 

19.  Spark  Showers  -  Luminous  particles  resulting  from  electric  arcs  or  sparks, 
often  associated  with  high  current. 

20.  Streamering  -  The  branch-like  ionized  paths  that  occur  in  the  presence  of  a 
direct  stroke  or  under  conditions  when  lightning  strokes  are  imminent. 

21.  Swept  Stroke  -  A  series  of  successive  attachments  due  to  sweeping  of  the  flash 
across  the  surface  of  the  airplane  by  the  motion  of  the  airplane. 

22.  Time-to-Crest  of  a  Voltage  Waveform  -  The  time-to-crest  of  a  waveform  is 
defined  as  1.67  times  the  time  interval  between  the  instants  when  the  amplitude  is 
30  percent  and  90  percent  of  its  peak  value. 

23.  Time  Duration  of  a  Current  Waveform  -  The  time  duration  of  a  current  waveform 
is  defined  as  the  time  from  initiation  of  current  flow  until  the  amplitude  (peak 
amplitude  in  the  case  of  a  damped  sinusoid)  has  reduced  to  5  percent  of  its  initial 
peak  value. 

8.0  REFERENCES. 


1.  Plumer,  J.  A.,  Lightning  Effects  on  General  Aviation  Aircraft,  FAA-RD-73-99 , 
Federal  Aviation  Administration,  Department  of  Transportation,  Washington,  DC 
(October  1973),  pp.  21-44. 

2.  Oh,  L.  L. ,  and  Schneider,  S.  D.,  Lightning  Strike  Performance  of  Thin  Metal 
Skin,  Session  III:  Structures  and  Materials ,  "Proceedings  of  the  1975  Conference 
on  Lightning  and  Static  Electricity,"  14-17  April  1975  at  Culham  Laboratory, 
England,  pp.  6-7. 
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•o  as  co  relieve  mechanical  stresses  caused  by  wing  flexure  and  vibration.  These 
actions  may  wear  away  this  insulation,  providing  unintentional  and  intermittent 
conductive  paths.  This  should,  therefore,  be  given  particular  attention  in  the 
design  of  aircraft  fuel  systems. 

7.0  DEFINITIONS . 

The  following  definitions  apply  to  this  document. 

1.  Action  Integral  -  The  action  integral  concept  is  difficult  to  visualize,  but 
is  a  critical  factor  in  the  production  of  damage.  It  relates  to  the  energy 
deposited  or  absorbed  in  a  system.  However,  the  actual  energy  deposited  cannot  be 
defined  without  a  knowledge  of  the  resistance  of  the  system.  For  example,  the 
instantaneous  power  dissipated  in  a  resistor  is  by  Ohm's  Law,  i^(t)r,  and  is 
expressed  in  watts.  For  the  total  energy  expended,  the  power  must  be  integrated 
over  time  to  get  the  total  watt-seconds  (or  kilowatt  hours).  The  watt-second  is 
equivalent  to  the  joule,  which  is  the  common  unit  of  electrical  energy  used  in 
high-voltage  practice.  Without  a  knowledge  of  r,  we  cannot  specify  the  energy 
deposited.  But  by  specifying  the  integral  of  i^(t)  over  the  time  interval 
involved,  a  useful  quantity  is  defined  for  application  to  any  resistance  value  of 
interest.  In  the  case  of  lightning,  therefore,  this  quantity  is  defined  as  the 
action  integral  and  is  specified  as  J  i^(t)  dt  over  the  time  the  current  flows. 

2.  Arcs  -  An  electrical  discharge  between  conductors  in  contact. 

3.  Attachment  Point  -  A  point  of  contact  of  the  lightning  flash  with  the  aircraft 
surface. 

4.  Average  Rate-of-Rise  of  Voltage  -  The  average  rate-of-rise,  dv/dt,  of  a 
waveform  is  defined  as  the  slope  of  a  straight  line  drawn  between  the  points  where 
the  mnplitude  is  30  percent  and  90  percent  of  its  peak  value. 

5.  Charge  Transfer  -  The  charge  transfer  is  defined  as  the  integral  of  the  time- 
varying  current  over  its  entire  duration. 

6.  Corona  -  A  luminous  discharge  that  occurs  as  a  result  of  an  electrical 
potential  difference  between  the  aircraft  and  the  surrounding  atmosphere. 

7.  Decay  Time  of  a  Voltage  Waveform  -  The  decay  time  of  a  waveform  is  defined  as 
the  time  interval  between  the  intersect  with  the  abcissa  of  a  line  drawn  through 
the  points  where  the  voltage  is  30  percent  and  90  percent  of  its  peak  value 
during  its  rise,  and  the  instant  when  the  voltage  has  decayed  to  50  percent  of 
its  peak  value. 

8.  Direct  Effects  -  Physical  damage  effects  caused  by  lightning  attachment 
directly  to  hardware  or  components,  such  as  arcing,  sparking,  or  fuel  tank  skin 
puncture. 

9.  Direct  Stroke  Attachment  -  Contact  of  the  main  channel  of  a  lightning  flash 
with  the  aircraft. 

10.  Dwell  Time  -  The  period  of  time  that  the  lightning  arc  channel  remains 
attached  to  a  single  point. 
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6.5.3  Joints  in  Skins. 


Sparking  is  sometimes  a  result  of  current  densities  through  small  paths  across  the 
joints  in  which  the  current  density  exceeds  the  fusing  current  (e.g.,  currents  that 
melt  or  vaporize  material)  density.  Small  burrs  of  aluminum  with  insufficient 
cross  sectional  area  to  carry  the  localized  current  are  vaporized  or  melted  and 
exploded  into  small  spark  showers.  These  can  be  generated  across  joints  with  even 
low  joint  impedances,  as  illustrated  in  figure  22.  Thus,  the  edge  treatment  of 
wing  planks  and  splice  plates,  for  example,  is  critical  in  preventing  sparking 
inside  fuel  tanks. 


ualanc. 


current 
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Badly  sheared  splice 
place  burr  penaics 
spark  shower 


sealane  lncoaplete  sealant 
exposes  sparking 


FIGURE  22.  POSSIBLE  SPARKING  AT  STRUCTURAL  JOINT 

There  is  no  hard- and- fast  rule  for  the  number  of  fasteners  per  meter  of  joint 
(density)  which  are  necessary  to  avoid  sparking.  Any  sparking  usually  occurs  at 
the  interfaces  between  the  fastener  and  surrounding  metal,  and  the  occurrence  of 
such  sparking  depends  on  other  physical  characteristics,  such  as  skin  metal 
thickness,  surface  coatings,  and  fastener  tightness.  Tests  in  which  simulated 
lightning  currents  are  conducted  through  the  joint  should  always  be  made  on  samples 
of  joints  involving  new  materials  or  designs  following  production  manufacturing 
techniques . 

Graphite/epoxy  composite  material  can  have  a  severe  corrosion  problem  due  to 
galvanic  action  between  graphite  and  other  aircraft  material,  mainly  aluminum. 
Direct  (uncoated)  aluminum-to-graphite  compos  tie  joints  should  be  avoided. 

6,5.4  Joints  and  Interfaces  in  Pipes  and  Coupling. 

When  lightning  currents  are  flowing  through  the  structure,  small  amounts  of  current 
may  be  diverted  through  metallic  fuel  lines,  vent  pipes,  other  plumbing  inside  a 
fuel  tank,  and  hydraulic  lines.  For  nonmetallic  tanks,  these  currents  may  be 
significant.  This  current  may  cause  sparking  at  pipe  joints  and  couplings  where 
there  is  intermittent  or  poor  electrical  conductivity.  Some  pipe  couplings,  for 
example,  are  designed  to  permit  relative  motion  between  the  mating  ends  of  a  pipe 
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Electrical  devices,  such  as  fuel  probes,  have  been  intentionally  designed  to 
withstand  comparatively  high  voltages  without  sparking.  However,  structural 
designs  or  material  changes  may  alter  this  situation  and  permit  excessive 
induced  voltages  to  appear  in  the  fuel  tank  electircal  circuit. 

When  determining  the  breakdown  voltages  of  fuel  quantity  probes,  test  voltages 
must  be  applied  to  all  of  the  electrode  combinations  which  may  exist,  (this 
is  not  required  to  be  accomplished  simultaneously).  In  most  probes  both  the  "high" 
and  "low"  electrodes  are  insulated  from  "ground"  (airframe)  as  shown  in  figure  21, 
but  the  mounting  bracket  brings  the  probe  into  proximity  of  the  airfrane.  There¬ 
fore,  test  voltages  should  be  applied  across  each  of  the  basic  electrode  combina¬ 
tions  as  shown  in  figure  21  (taken  from  reference  5). 


Aircraft  Fuel  Tank  Skin 
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Aircraft  Fual  Tank  Skin 


Possible  breakdown  of  flaps  In  capacitance-type  probe. 

1 .  Hiflh  to  Low 

2.  High  to  Airframe 

3.  Low  to  Airframe 


FIGURE  21.  TYPICAL  IMPULSE  SPARKOVER  VOLTAGES  FOR 
A  CAPACITANCE-TYPE  PROBE 


Ill*  flow  of  lightning  currant  through  v*hlel* 
structure*  can  emus*  (parking  at  poorly  bonded  struc¬ 
ture  Interfaces  or  joints.  If  such  sparking  occurs 
where  combustibles  such  as  fuel  vapors  are  located. 
Ignition  nay  occur. 

Lightning  attaching  to  an  Integral  tank  skin 
nay  puncture,  burn  holes  In  che  tank,  or  heat  the 
Inside  surface  sufficiently  to  ignite  any  flamsable 
vapors  present. 

2. 3. 1.5  Acoustic  Shock 

The  air  channel  through  which  the  lightning 
flash  propagates  Is  nearly  Instantaneously  heated 
to  a  vary  high  temperature.  When  Che  resulting  shock 
«av«  u.pi.nges  spun  a  surface  It  nay  produce  a  de¬ 
structive  overpressure  and  cause  oectianlcal  danago. 

2.3.2  Indirect  Effect* 

Damage  or  upset  of  electrical  equipment  by  cur¬ 
rents  or  voltages  Is  defined  as  an  Indirect  effect. 

In  this  document  such  d snags  or  upset  Is  dsflnsd  ss 
an  Indirect  effect  even  though  such  currents  or  volt¬ 
ages  nay  arlss  as  a  result  of  a  direct  lightning 
flash  attachment  to  a  piece  of  external  electrical 
hardware,  .in  example  would  be  a  wing-tip  navigation 
light.  If  lightning  shatters  the  protective  glass 
covering  or  burns  through  ths  metallic  housing  and 
contacts  the  filanent  of  the  bulb,  current  can  be 
Injected  Into  the  electrical  wires  running  fron  ths 
bulb  to  che  power  supply  bus.  Tills  current  nay  burn 
or  vaporize  the  wires.  Hie  associated  voltage  surge 
nay  cause  breakdown  of  Insulation  or  damage  to  ocher 
electrical  equipcienc. 

Fven  if  the  lightning  flesh  dose  not  contact  wir¬ 
ing  directly.  It  will  sac  up  changing  electromagnetic 
fields  around  the  vehicle.  The  natal 11c  structure 
of  tho  vehicle  does  not  provide  a  perfect  Faraday 
cage  electromagnetic  shield  and  therefore  some  elec¬ 
tromagnetic  fields  can  entar  the  vslilda,  altlier  by 


diffusion  through  nstalllc  skins  or  direct  penetra¬ 
tion  through  apertures  such  as  skin  joints  and  win¬ 
dows  or  other  nonmecalllc  sections.  If  ths  fields 
ars  changing  with  respset  to  time  and  link  electri¬ 
cal  circuits  Inside  the  vehicle,  they  will  Indues 
transient  voltages  and  currents  Into  thaso  circuits. 
These  voltages  nay  be  hazardous  to  avionic  end  elec¬ 
trical  equipment,  os  wall  as  s  source  of  fuel  Igni¬ 
tion. 

Voltages  and  currents  may  also  be  produced  by 
the  flow  of  lightning  current  through  tlte  resistance 
of  the  aircraft  structure. 

2.3.3  Effects  on  Personnel 

One  of  the  nose  troublesonc  effects  on  personnel 
in  flash  blindness.  Tils  often  occurs  to  flight  crew 
member (a)  who  tsay  ba  looking  out  of  the  vehicle  In 
the  direction  of  the  lightning  flash.  The  resulting 
flash  blindness  nay  persist  for  periods  of  30  seconds 
or  nore,  rendering  the  crew  nenber  temporarily  unable 
to  use  his  eyes  for  flight  or  Instrument-reading 
purposes. 

Personnel  inside  vehicles  nay  also  be  subjected 
to  linzardoua  affects  fron  lightning  strikes.  Serious 
electrical  shock  nay  be  caused  by  currents  and  volt¬ 
ages,  conducted  via  control  cables  or  wiring  leading 
to  the  cockpit  from  control  surfaces  or  other  iiarJ- 
uare  struck  by  lightning.  S'.iock  can  also  be  induced 
by  the  intense  thunderstorm  electromagnetic  fields. 

The  shock  varies  from  nlld  to  serious;  suffi¬ 
cient  to  cause  nunbness  of  lutnus  or  feet  and  some 
disorientation  or  confusion.  Hi  is  can  he  quite  liaz- 
ardous  in  high-performance  aircraft,  particularly 
under  the  cluihderstorn  conditions  during  which  light¬ 
ning  strikes  generally  occur. 

Teats  to  evaluate  these  personnel  affects  are 
not  included  In  this  document. 


3.0  STANDARD  LIGHTNING  PARAMETER  SErtJIATION 
3.1  Purpose 

Complete  natural  llghcnlng  flashes  cannot  ba  du- 
pllcatad  la  tha  laboratory.  Most  of  tha  voltage  and 
currant  characteristics  of  lightning,  however,  can  be 
duplicated  separately  by  laboratory  generators.  These 
eliaracterlatlcs  are  of  two  broad  categories:  The 
VOLTAGES  produced  during  Che  lightning  flash  and  the 
CURRENTS  that  flow  In  the  completed  lightning  channel, 
with  a  few  exceptions,  it  is  not  necessary  to  siau- 
lace  high-voltage  and  high-current  characteristics 
together. 

The  hlgh-voleage  characteristics  of  lightning 
dntemlne  attachment  points,  breakdown  pacha,  and 
scroaner  effects,  wheraaa  Che  current  characteristics 
dacemlne  direct  and  Indirect  effects. 

In  uoat  cases,  lightning  voltages  are  sluuletad 
by  hlgh-lnpedance  voltage  generators  operating  Into 
hlgh-lnpedance  loads,  while  lightning  currents  are 
slnulatod  by  low- Impedance  current  generators  0|>erac- 
lng  into  low- Impedance  loads. 

The  viavefoms  described  In  thla  section  ere  ide¬ 
alized.  Definitions  relating  to  actual  waveshapes 
are  covered  In  AHSI  and  Ifcl.i.  Standard  Technique!  for 
Dielectric  Test T.  ANSI  C6H.1  (1968)  and  IEEE  NoTTT 
These  specif icat Iona  are  equivalent  and  ara  in  turn 
equivalent  to  High  Voltage  Teat  Techniques.  1EC  60-2 
(1973).  The  definitions  In  these  docinencs  slkould 
he  use>l  to  determine  the  front  tine,  duration  and 
rate  of  rlae  of  actual  waveforms. 

Severe  lightning  flesh  voltage  and  current  wave- 
forns,  as  described  In  Paragraph  3.2  have  been  da*? 
vnlopotl  for  purposes  of  qualification  testing’  *ve- 
f orris  In  Paragraph  3.3  are  for  il&D  or  screening  test 
puri>oaee  and  ere  designated  engineering  tests. 


3.2  Waveform  Descriptions  for  Ousllf lcerlon  Tests 
3.2.1  Voltage  'fa ve forms 

The  beeie  voltage  waveform  to  which  vehicles  are 
subjected  Is  one  that  rises  until  breakdown  occurs 
either  by  puncture  of  solid  insulation  or  flaehover 
through  the  air  or  across  an  Insulating  surface.  The 
path  that  tha  flaahover  takes,  either  puncture  or  sur¬ 
face  flaehover,  depends  on  the  rate  of  rise  of  the 
voltage  as  shown  in  Figure  3-1. 

During  some  types  of  testing  It  la  necessary  to 
determine  the  critical  voltage  amplitude  at  which 
breakdown  occurs.  T.ia  critical  voltage  xevax  de¬ 
pends  upon  both  the  rate  of  rise  of  voltage  and  the 
rate  of  voltage  decay.  Two  examples  are  (1)  deter¬ 
mining  the  strength  of  the  Insulation  uaud  on  electri¬ 
cal  wiring  and  (2)  determining  the  points  from  which 
electrical  streamers  occur  on  a  vehicle  as  a  lightning 
flesh  approaches. 

Altliough  the  exact  voltage  tmveform  produced  hy 
natural  llghcnlng  la  not  known,  flight  sorvlce  dace 
end  conservative  teat  philosophy  justify  die  defini¬ 
tion  of  fast  rising  voltage  waveforms  for  tha  tests 
just  described.  Voltage  testing  for  qualification 
purposes  thus  calls  for  two  different  standard  volt¬ 
age  waveforms.  These  are  shown  in  Figure  3-2  and  arc 
described  In  the  following  sections.  The  qualifica¬ 
tion  testa  In  which  these  waveforms  are  applied  are 
presented  in  the  teat  matrix  of  Table  i.  The  objec¬ 
tives  of  each  test,  the  t»et.  setup,  mes  eureirent  and 
dote  retirements  nr»  described  ir  Section  4.0. 


Voltage  waveforms  that  would 


Figure  1-1  Influence  of  rate  of  rise  on  flnshovi-.r  ,'\th 
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3. 2. 1.1  Voltage  'Javeform  A  -  Basic  Lightning 
Uevefor^__<^^_____________<__^ 

This  waveforn  rises  at  a  rata  of  1000  kV  par 
aleroaacond  (+502)  until  lta  lncraaaa  Is  Interrupted 
by  puncture  o7,  or  flashovar  across,  tha  object  under 
test.  Ac  chat  Claa  the  voltage  collapses  to  aero. 

The  rata  of  voltage  collapse  or  the  decay  cine  of  the 
voltage  If  breakdown  does  not  occur  (open  circuit 
voltage  of  the  lightning  voltage  generator)  Is  not 
specified.  Voltage  waveform  A  Is  shown  In  Figure 
3-2. 

3. 2. 1.2  VolMgc_J&wefr>raJ!l_j^£ull_!tave 

'toveform  B  is  a  1.2  x  50  microsecond  waveform 
which  Is  the  electrical  Industry  standard  for  Impulse 
dielectric  tests.  It  rises  to  crest  In  1.2  (+202) 
microseconds  and  decays  to  Half  of  crest  anplicude 
In  50  (+20”)  tiler oseconds.  Time  to  crest  and  decay 
cine  refer  to  the  open  circuit  voltage  of  the  light¬ 
ning  voltage  generator,  and  assume  that  tha  wave- 
fort  in  not  United  by  puncture  or  flashover  of  the 
object  under  test.  This  waveform  is  shown  on  Fig¬ 
ure  3-2. 

3.2.2  Current  ’live forma 

It  Is  difficult  to  reproduce  a  severs  lightning 
flash  by  laboratory  slnulatlou  because  of  lnliarent 
facility  limitations.  Accordingly,  for  datemining 
the  effects  of  lightning  currants  end  for  laboratory 
qualification  testing  of  vehicle  hardware,  an  ideal¬ 
ised  representation  of  tha  components  of  a  severe 
lightning  flash  Incorporating  the  Important  aspects 
of  both  positive  and  negative  flashes  lias  been  de¬ 
fined  and  la  shown  on  Figure  3-1. 

For  qualification  testing,  there  are  four  com¬ 
ponents,  A,  n,  C,  and  0,  iiaed  for  dutormlnation  of 
direct  effects  and  tost  waveform  T.  used  for  deter¬ 
mination  of  Indirect  affacts.  Components  A,  R,  C, 
and  0  each  simulate  a  different  characteristic  of  tlu> 
current  in  a  natural  lightning  flash  and  aro  shown  on 
Figure  1-3.  ""hey  aro  applied  Individually  or  aa  a 
composite  of  two  or  more  components  together  In  one 
tost.  Thera  arc  very  few  cases  In  uhleh  all  four  com¬ 
ponents  must  he  applied  In  one  teat  on  tha  sene  test 
object.  Rise  time  or  rate  of  change  of  currant  lias 
little  effect  on  physical  damage,  and  accordingly  lisa 
not  been  specified  In  these  components.  Current  wave¬ 
form  n,  also  shown  on  Figure  3-3,  is  Intended  to  deter¬ 
mine  Indirect  effects.  When  evaluating  indirect  ef¬ 
fects  ,  rate  of  change  of  current  is  Important  and  is 
specif  lad. 
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The  teats  In  which  thaae  waveforms  ere  applied 
ere  presented  In  Table  1.  The  objectives  of  each  test 
along  with  setup,  measurement,  and  data  requirements 
are  described  In  Section  4.0. 


3. 2.2.1 


ponont  A  -  Initial  High  Peak  Current 


This  component  simulates  the  first  return  stroke 
end  Is  characterized  by  a  peak  amplitude  of  200  kA 
(+102)  and  an  action  integral  (fi"dt)  of  2  *  10® 
aSri  -seconds  (+202)  with  a  total  time  duration  not 
exceeding  500  microseconds . 

The  actual  waveshape  of  this  component  Is  pur¬ 
posely  left  undefined,  because  In  laboratory  simula¬ 
tion  tha  waveshape  Is  strongly  influenced  by  the  type 
of  surge  generator  used  end  the  characteristics  of 
the  device  under  teat,  natural  lightning  currents 
are  unidirectional,  but  for  laboratory  simulation 
this  component  nay  be  either  unidirectional  or  os¬ 
cillatory. 


3. 2. 2. 2 


anent  B  -  Intermediate  Current 


Title  component  simulates  the  Intermediate  phase 
of  a  lightning  flesh  in  which  currents  of  several 
thousand  amperes  flow  for  tines  on  the  order  of  sev¬ 
eral  Billiseconds.  It  is  characterized  by  a  currant 
surge  with  en  average  current  of  2  kA  (+102)  flowing 
fnr  a  naxlnun  duration  of  5  nllliscconds  end  a  naxl- 
nun  charge  transfer  of  10  coulonbs.  Tie  waveform 
should  he  unidirectional,  e.g.  rectangular,  exponen¬ 
tial  or  linearly  decaying. 


3.2. 2. 3 


anent  C  -  Continuing  Current 


Component  C  simulates  the'  continuing  current  fiat 
flows  during  the  lightning  flesh  and  transfers  most 
of  the  electrical  clierge.  Tils  component  must  trans¬ 
fer  a  charge  of  200  coulonbs  (+202)  In  a  tine  of  be¬ 
tween  0.25  and  1  second.  Tills  Implies  currant  ampli¬ 
tudes  of  between  200  and  100  amperes.  The  waveform 
alum  Id  be  unidirectional,  e.g.  rectangular,  exponen¬ 
tial  or  linearly  decaying. 

1.2. 2. 4  Component  •>  -  lestrlkc  Current 

Component  i)  simulates  a  subsequent  high  peak 
current.  It  la  characterized  by  a  peak  amplltude^of 
liJO  kA  (+102)  and  an  action  Integral  of  0.23  x  10 
anpure^-second  (+202) . 
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3. 2. 2.3 


Currant  VIeveform  E  -  fut  Rata  of  Rise 
Stroke  Teat  for  rull-Slaa  Hardware 


Currant  waveform  S  alnulataa  a  full-acala  fast 
rata  of  rlaa  stroke  for  tasting  vehicle  hardware 
which  at  full  ic ala  would  ba  200  kA  at  100  kA/ps. 

The  pack  amplitude  of  tho  darlvatlva  of  thla  wavaforti 
nuat  bo  at  laast  23  kA  per  nicroaecond  for  at  laaut 
0.5  microsecond,  as  shoi/n  in  Figure  1-3.  Currant 
’.viva fort i  "  lias  a  minimum  amplitude  of  SO  kA.  .in  amp¬ 
litude  of  SO  kA  la  used  to  enable  resting  of  typical 
aircraft  couponanta  with  conventional  laboratory  1  lp.ht- 
nlnr.  currant  generators.  “he  action  Integral,  fall 
cine,  and  the  rata  of  fall  are  not  specified.  If  de¬ 
sired  and  feasible,  components  A  or  1  007  be  nrpli_4 
v>lth  a  25  kA  per  nlcrooocond  rate  of  rlaa  for  at  least 
0.5  microsecond  and  the  direct  and  indirect  effects 
evaluation  conducted  simultaneously. 

3.3  Waveform  Descriptions  for  Engineering  Tsars 

3.3.1  Purpose 

Lightning  voltage  and  current  waveforms  describ¬ 
ed  In  the  following  peragraphe  have  been  developed 
for  engineering  design  and  analysis. 

■"ho  testa  In  which  these  umvefoma  are  applied 
arc  praMcnted  In  Table  2.  "lie  objectives  of  each  east, 
along  with  setup,  measurement  and  data  requirements 
are  described  in  Section  4.0. 

3.1.2  "oltage  "avofnms 

lairing  tests  on  nodel  vehlclss  to  detsmlna  pos¬ 
sible  uttaciinent  points  the  length  of  gap  used  be- 
f.reen  the  qlectroda  slnulaclnr.  the  approaching  loader 
and  the  vehicle  depends  upon  che  nodel  scale  factor. 
During  ouch  tests  It  la  detilrable  to  allow  Che  stream¬ 
er::  froii  the  nodel  sufficient  time  to  develop. 
Accordingly,  for  nodel  taats  It  Is  necessary  to  stand¬ 
ardize  the  tine  at  which  breakdown  occurs,  even  though 
the  rate  of  rlaa  of  voltage  la  different  for  dlffarenc 
tests. 

It  has  boon  dutaminod  In  laboratory  testing  that 
die  results  of  attachnont  point  tasting  are  influenced 
by  tho  voltage  waveform.  Fast  rising  waveforms  (on 
che  order  of  a  few  microseconds)  product  a  relatively 
fuw  nunber  of  attach  points,  usually  to  tha  apparent 
high  field  regions  on  Che  nodal  and  all  such  attach 
points  arc  classified  as  Zona  1.  Fast  rising  wave¬ 
forms  linve  been  used  for  practically  all  aircraft 


nodal  attach  points  taata  In  tha  tT.S.  Slow  front  wmvm- 
foma  (on  tha  order  of  hundreds  of  nleroeeeonds)  pro¬ 
duce  a  greater  spread  of  attach  points,  possibly  In¬ 
cluding  attachment*  to  low  field  regions.  Therefor* 
the  test  data  nuat  ba  analysed  by  appropriate  statis¬ 
tical  methods  in  defining  Zone  1  regions. 

Two  high  voltage  wavefoma  are  described  In  the 
following  paragraphs  and  shown  on  Figure  1-4.  The 
first  is  a  fast  wevafom  which  is  to  ba  used  for  whet 
will  be  termed  "faat  front  nodel  tests.”  Tha  second 
wavoforn  is  n  alow  rising  wsvaforo  which  will  ba  em¬ 
ployed  for  "slow  front  model  tests.” 

3. 2. 2.1  •,'jll^.^c  hV.ulw.-  2  -  Fas;  F.-oni.  - leata 

Tills  is  a  cltopped  voltage  waveform  la  which  flash- 
over  of  the  gap  between  the  nodel  under  test  and  the 
test  electrodes  occurn  at  2  microseconds  (+502) . 

The  amplitude  of  tho  voltage  at  tin*  of  flaahover 
ami  the  rat*  of  rise  of  voltage  prior  to  breakdown 
are  not  specified.  The  waveform  Is  shown  on  Figure 
3.4. 

3. 3.2.2  Voltage  Waveform  n  -  Slow  Front  Model  Tests 

Tlie  alow  fronted  waveform  lias  a  rise  time  beewaon 
50  .md  250  microseconds  so  as  to  allow  time  for  stream¬ 
ers  from  tha  modal  to  develop.  It  should  give  a  higher 
strike  rat*  to  the  low  probability  regions  Clmn  other- 
wine  night  have  been  expected. 

3.3.3  Current  '.’aveform* 

Current  waveform  components  "  and  0,  shown  on 
Figure  3-5,  are  intended  to  determine  indirect  effects 
on  very  large  hardware  and  full  sice  vehicle*.  “110*0 
waveforms  are  specified  at  reduced  amplitudes  to  over¬ 
come  Inherent  full  vehicle  test  circuit  limitations 
and  also  to  allow  resting  at  non-destructive  levels  to 
be  made  on  operational  vehicles  at  nun-destructive 
levels.  Scaling  will  depend  on  the  nature  of  the  coup¬ 
ling  process  as  detailed  in  the  following  !*aragraph*. 

3. 3. 3.1  Teet  Waveform  F  -  Reduced  Amplitude 
Unidirectional  W.ivcfom 

Component  F  simulates,  at  a  low  current  level, 
both  the  rise  tine  and  decay  tine  of  the  return  strobe 
currant  peal:  of  tlia  lightning  flash.  It  has  a  rlsa 
tine  of  2  microseconds  (+203) ,  a  decay  time  to  lialf 
amplitude  of  50  microseconds  (+203)  and  a  mlnli*** 
anplitude  of  250  amperes.  Indirect  effects  measure¬ 
ments  made  with  this  component  muse  bo  oxtrapolated 
to  the  full  lightning  current  anplitude  of  200  t.\. 


PKW 


••vjv 


*  *  *>  »'*  .% 


^  '  «w  V”  V  V  '.IO 


3. 3.3.2  Tmc  Uaveforaa  0,  aad  0,  -  Daaped  Oscillatory 

•  ■ _ M _  *  • 


Fast  rata  of  rlaa  currant  vavafotas  aad  highar 
amplitude  uaveforaa  nay  often  ba  usefully  snployed  for 
Indirect  ef facta  t acting.  For  Indirect  ef facta  de¬ 
pendant  upon  raaiatlve  or  dlffualon  flux  af facta  (l.a, 
not  aperture  coup 11ns)  a  low  frequency  oscillatory 
currant  -  uavafora  G, ,  In  which  the  period  (1/f)  la 
long  con  pared  with  tne  dlffualon  tine,  should  be  uaad. 
7!ils  requires  a  frequency,  f,  of  2.3  kllohartx  or 
lower  (l.a.  the  duration  of  each  half-cycle  la  equal 
to  or  greater  than  200  /is).  Where  raaiatlve  or  dlff¬ 
ualon  af facts  are  measured,  the  scaling  should  ba  In 
tarns  of  the  peak  currant,  with  full  scale  ba^rg  200  kJ*. 


For  Indirect  affects  dependant  upon  apertura 
coupling  the  tilgli  frequancy  currant,  wavafora  O 
sltoiild  be  used.  The  naxlnun  frequency  of  uavafora  G, 
sluuld  ba  no  higher  than  approximately  300  Kh*  or  1/10 
of  t!io  lowest  natural  resonant  frequancy  of  the  alr- 
craft/retum  circuit,  whichever  la  lower.  Where  aper¬ 
ture-coupled  ef  facts  are  measured  the  scaling  should 
bo  in  terras  of  rato-of-rloe  (di/dt),  with  full  seals 
being  100  kA/ps. 


When  testing  coetposlts  structures  with  unvefora 
G,,  resistive  aad  dlffualon  flux  induced  voltages  nay 
occur  aa  well  aa  apertura  coupled  voltages,  and  re¬ 
sults  sliould  ba  scaled  both  to  200  kA  and  to  100  kA/^ia. 
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Currant  (tot  to  Scale) 


VOLTAfiE 

WAVcrorci 
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VOLTACF. 

WAVEFORM 

R 


Flashover 


&<■..  0f  crust  amplitude 


1.2  pa  +  202 


50  p*  ♦  20 r. 


Time  (riot  to  Scale) 

Figure  3-2  Idealized  lllgh-woltage  teat  vavefom a 
for  qualification  testing. 
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definition  of  rate  of  rise  require¬ 
ment  of  test  wave'  rn  K. 


Current 
■late  of  '!  1  si* 


SxlO-3  sec  -*|-0.25  secaTs  1  sec 
Time  (Hot  to  Scale) 


k  VI  l;A  I - : 


current  ••avkkok.m 

Poak  amplitude  *  50  kA 
Rate  of  Rise  i  25  kA/us 
for  at  least  0.5  jin. 


Figure  1-3  Idealized  current  test  waveform  components 
for  qualification  testing. 
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Figure  1-4  Idealized  high  vole-inn  waveforms  for  engineering  tests. 


aiRIlKi.T  WAVEFORM  F 
T,-  2>ih  +  205! 

T,«  50jin"”+  SOT. 

Peak  nmnlitudc  _ 
250  .imps. 


Tine 

(Noe  eo  Scale) 


CURRENT  WAVEFORMS  O  nnd  Oj 


(non  ".irn.  1.1. 1.2) 


(see  P.ira.  1.1. 1.2) 


Figure  3-5  Idealized  currene  waveforms  For  engineering  tests.  (Mote: 
Feak  amplitudes  «re  not  the  sama.) 
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Table  1 


Application  of  Wawa<orna_torJ>iallfteation_T«tca _ 

Voltage  Taae  T*chni<?u* 

Zoom  Uhveforns  Current  Wavefoma/Conponants  Par*.  No. 


•Jntr  l.  lino  current  of  2  kA  ♦  10S  for  .i  dwnll  ttnr  Inna  than 

5  nllllaoooniln  rmnnurixl  In  Tone  A. 2. 2  up  Co  a  anxirmn  of  S 
nil  I  IsocowIh 

'.into  2.  line  nvor.lfv*  curront  of  Aflil  anp  for  Hvoll  tine  In  pscosn  of  > 
nnoc  .la  doc oral nod  hy  onr.inoortnf  Coats. 

_;ntn  1,  Tndlrure  off  oetn  a  hood  nl  an  ho  namuri'd  with  current  cnoponontn 
A,  n,  C,  ll  as  appropriate  to  tha  cast  zona 

Note  4.  Tha  appropriate  fraction  of  component  "C" 

ax pact ad  for  tha  location  and  aurfaca  finish. 


Tahla  2 

Application  of  Viavefoma  for  Engineering  Taata 


Taat 

Zona 

Pol tape 
Uavaforaa 

C  1) 

Currant  WawafonM/Conponants 

C  E  P  ®1  ®2 

Test  Technique 
Para.  No. 

Nodal  aircraft 
lightning  attachnant 
point  taat 

Past  front 

Slow  front 

X 

V 

ah 

4.2.1 

4.2.1 

Pull  also  hardware 
attachnant  taat 

2A 

X  X 

4.2.2 

Indirect  affects  - 
conplata 

X  or  X  + 

X 

4.2.3 

4.0  TEST  TZCnnXQUZS 


Tha  simulated  lightning  waveform  and  components 
to  be  tuMd  fat  qualification  cueing  at*  presented  la 
Tabla  1.  This  tabla  gives  tha  eurrant  components  chat 
will  flow  through  an  aircraft  structure  or  specimen  in 
aach  aooa.  In  soma  caaaa,  howarar ,  net  all  of  eba 
currant  coaponanta  specified  la  tha  tabla  will  contrl- 
buta  algnlf lcantly  to  tha  fallura  nachanian.  There- 
fora,  la  principle,  tha  non-contributing  component (s) 
can  ba  onlttad  from  tha  tut.  If  coaponanta  ara  to 
bn  oailttad  fron  a  tut  far  ehla  raaaon,  tiia  propooad 
tut  plan  should  ba  agraad  upon  with  tha  cognisant 
ropulatory  authority. 

Tabla  2  presents  waveforms  suggested  for  engin¬ 
eering  testa.  The  objective  of  each  qualification  or 
engineering  cast,  setup  and  measurement  da tails  and 
data  requirements  ara  laser lhad  in  tha  following  para¬ 
graphs. 

4.1  Qualification  Testa 

4.1.1  Tull  Size  ‘lanlvera  Attachment  Point  Toots  - 
r’.one  1 

4. 1.1.1  Objective 

Tills  .ittachaeat  point  toot  will  bo  conducted  on 
full  size  structureo  shot  Include  dielectric  surfaeaa 
to  dotarrslso  tha  detailed  attachment  points  on  tha  ex¬ 
ternal  surface,  and  If  tha  surface  la  nowaraH  1c.  tha 
pnth  taken  by  the  lightning  arc  la  reaching  a  Metallic 
st rue tura. 

4. 1.1. 2  Hswcfoms 

Test  voltage  verve  fore  A  should  bo  applied  between 
the  electrode  end  the  grounded  teat  object.  In  the  ease 
of  toot  objects  bavins  particularly  vulnarabla  or  flight- 
critical  coebon ante  It  aay  be  advisable  to  repeat  tha 
teats  using  waveform  D  as  i  confirmatory  test. 

4. 1.1. 3  Test  Setup 

The  test  object  should  bo  a  full-seals  produc¬ 
tion  lino  hardwire  component  or  a  representative  pro¬ 
totype,  aluco  alnor  changes  from  design  sacplea-nr 
prototypes  nsy  change  the  lightning  test  reeulca. 

■Vll  conducting  objects  ulthln  or  on  noonatallic  liard- 
unre  chat  ara  nomally  connacead  to  tha  vehicle  whan 
Installed  In  the  aircraft  should  bo  electrically  con¬ 
nected  to  ground  (the  return  olds  of  the  lightning 
generator).  Surrounding  asternal  necalllc  vehicle 
structure  should  ba  simulated  and  attached  to  the 
coat  object  to  noka  tha  satire  coot  object  look  no 
such  Ilka  the  actual  vehicle  region  under  toot  no 
possible. 

The  coot  electrode  to  which  case  voltage  la  ap¬ 
plied  should  bo  positioned  so  chat  Its  tip  la  1  uatnr 
away  fron  Cite  nearest  surface  of  the  coot  object. 

Q  Irena lone  of  the  case  electrode  art  net  critical. 
Generally,  nodal  teats  or  field  experience  will  have 
Indicated  chat  lightning  flashes  can  approach  the  ob¬ 
ject  under  coot  fron  several  different  directions.  If 
so,  tha  testa  should  bo  repeated  with  the  high  volcago 
electrode  oriented  to  create  strokes  to  the  object  fron 
these  different  d lx sc cions. 


If  tha  toot  object  la  so  small  that  a  l-«acar 
gap  panics  strokes  to  rise  the  toot  object,  or  If  a 
1 -mater  gap  la  inappropriate  for  other  reasons, 
shorter  or  longer  gaps  aay  ba  uaad.  Itultiple  flaah- 
ovars  should  bo  applied  fron  each  electrode  position. 
Testa  nay  bo  coons at  ad  with  either  positive  or  nega¬ 
tive  polarity.  If  taot  sloctrode  positions  are  found 
free  which  tha  simulated  lightning  flaai lovers  do  not 
contact  tha  teat  place,  or  do  not  puncture  it  if  It 
la  non-iatalllc,  the  teats  fron  those  sans  electrode 
positions  should  bo  repeated  using  tha  apposite 
polarity. 

4. 1.1.4  Iloaouroaonta  and  :nta  !taculrananta 

Haaaurm ante  that  should  bo  taken  during  these 
teata  Include  the  following: 

O 

a.  Test  Voltage  and  Amplitude  Oavsforo.  Tlie 
voltage  applied  to  the  gap  should  ho  nunsured.  ITioto- 
grapliH  of  tits  voltage  vnvofom  diould  Sc  token  to  on- 
tahiish  Clint  vavofom  A  Is  In  fact  being  applied. 

Volta; 3a  msssur anen cs  should  l>o  nnilo  of  oacli  tent  volt¬ 
age  u.ivefom  applied  sines  breakdown  pa  tits,  and  lionca 
the  teat  voltage,  nay  change.  Tartlcurlar  attention 
should  bo  given  to  soourlng  tliac  Clio  gap  flashaa  over 
on  tha  wavefront.  If  a  flashover  occurs  on  cho  wove 
call,  tlia  Cast  should  bo  rnpoatod  with  the  generator 
sot  to  provide  a  higher  voltage  or  die  cant  electrode 
positioned  closer  to  the  test  object  no  as  to  produce 
flashover  on  the  wavefront. 

W.  AtCachnanC  Points  and/or  Breakdown  Pacha 
•  Tlia  voltage  generators  used  for  chase  costs  are  high 
Inpodanca  devices.  Tha  test  currant  nay  be  much  loss 
Cl  ion  natural  lightning  currents.  Cmtssquantly,  they 
will  produce  tweh  loos  danaga  to  the  toot  object  chan 
s  natural  lightning  flash,  even  Chough  the  breakdown 
will  follow  the  path  a  full-scale  lightning  stroke 
current  would  follow.  Occasionally  a  dlligant  search 
will  bo  required  to  find  tha  attachment  point  on  me¬ 
als  or  the  breakdown  path  through  nnnmatallic  surfaces. 
Tliase  attachmant  points  or  breakdown  paths  should  be 
looked  for  after  each  cast  and  marked,  when  found, 
with  making  tape  or  crayon  Markings  to  provent  con¬ 
fusion  with  further  teat  results. 

4.1.2  Oirect^jlffacta^jljjructura^ 

4. 1.2.1  Objective 

lisoe  esses  daesnalas  ehs  dlrsct  nffsctn  which 
lightning  currents  nay  produce  In  structures. 

2  Usvofnrns 

llmulacsd  lightning  current  wavofom  components 
should  bo  applied,  depending  on  ehe  vehicle  zona  of 
the  test  object,  as  follows: 

4.1.2. 2.1  Zone  1A 

"livsfom  components  A  and  B  should  ba  applied. 


4.1.2. 2. 2  Zoo.  11 

Hbvefom  eosqwoent*  A,  8,  C,  < 
qfliad  la  due  order,  hut  not  mci 
wMawu  d lechers*. 


od  D  should  b« 

■■aril 7  as  om 


4.1.2. 2. 3 


Although  Zona  24  la  a  swept  stroke  sane,  static 
teats  can  be  conducted  once  the  attachment  points  and 
dwell  tints  have  been  detenlned.  Current  components 
0,  8,  end  C  should  be  applied  la  that  order  as  appro¬ 
priate  to  the  following  discussion. 

lllCti  pusk  current  reetrlkee  typically  produce 
ra-ectsehnanc  of  the  arc  at  a  new  point.  Therefore, 
current  component  0  la  applied  first.  The  dwell  tine 
(or  components  n  sad  C  la  Zona  24  way  be  deternlaed 
(ton  swept  stroke  Casts  as  d ascribed  la  Paragraph  4.2.2 
or,  oltemaeively,  a  worst  case  dwell  tine  of  SO  ail  11- 
eocoudn  nay  be  assisted  without  conducting  swept  stroke 
teats.  The  clnlng  wechewlen  of  the  generator  produc¬ 
ing  component  8  should  be  set  ttf  allow  currant  to  flow 
Into  this  case  object  (at  any  single  point)  for  the 
nnalsaw  dwell  cine  at  that  point  ae  determined  from 
the  dwell  point  coats.  If  the  naasurad  dwell  cine  la 
creator  chan  5  milliseconds  or  If  a  30  Millisecond 
dwell  tine  hsa  been  aseunad,  cha  conponent  B  current 
should  be  reducod  to  400  amperes  (component  C)  for 
the  dwell  tlsM  In  eseeeo  of  3  aUlioeeanda.  If  the 
■secured  dwell  tine  la  leas  than  3  iilUiaaconda,  com¬ 
ponent  0  should  be  applied  far  Che  lsngth  of  time 
naasurad. down  to  a  minimus  of  1  frill  lose  end. 


4. 1.2.2. 4  Sun 

Current  c 
In  that  order. 


4. 1.2. 2.5  Zone  3 


>te  B,  C  and  3  should  b*  applied 


Current  components  A  and  C  should  bn  applied  in 
Chet  order  to  cast  objects  la  Sons  3.  Cw  test  cur¬ 
rents  should  be  conducted  into  and  out  of  cha  test  6b- 
j<ict  In  a  nanaar  similar  to  the  way'  lightning  currants 
would  be  conducted  through  the  aircraft. 

4.1. 2.3  Teat  Setup 

4. 1.2. 3.1  Teat  Electrode  and  Can 


?ha  east  currants  are  delivered  fron  a  test  elec¬ 
trode  positioned  adjacent  Co  che  test  object.  The  coat 
object  is  connected  to  die  return  aide  of  cha  gener¬ 
ator  (e)  so  thee  teat  currant  tan  (low  through  Cha  ob¬ 
ject  In  a  realistic  nanaar. 


fAPnom  There  nay  be  latareeclene  between  che  ere 
end  currant  carrying  conductors.  Cere  neat  bo  taken 
to  assure  that  these  Interactions  do  not  Influence  cha 
tost  results. 

T?w  electrode  neterlel  should  he  s  good  electri¬ 
cal  conductor  with  ability  to  reels e  the  erosion  pro- 
dunod  by  che  teat  currents  involved.  Tallow  brass, 
•cool,  tungsten  and  carbon  are  suitable  electrode  no¬ 
tarial*.  Thu  shapu  of  cha  electrode  la  usually  a 
rouodod  rod  firmly  affined  to  the  generator  output 
terminal  and  epaead  at  a  fixed  distance  shove  the  sur¬ 
face  of  the  toot  object. 


The  polarity  of  conpoaenta  4  sad  D  can  be  either 
positive  or  negative.  The  polarity  of  the  generators 
used  eo  produce  components  B  sad  C  should  bo  sot  so 
that  the  electrode  la  negative  with  respect  to  the 
test  object,  because  greater  damage  la  generally  pro¬ 
duced  whan  tha  east  object  la  at  positive  polarity 
with  respect  to  the  test  electrode. 

4. 1.2. 4  iteseureaenta  and  Pets  lanulrananta 

’!aaaur  amenta  for  chess  teats  include  teat  current 
anplleuda(s)  and  umvafom(s).  Initial  stroke,  restrlke 
and  Incarnadines  currant  components  nay  be  naasurad 
with  nonlnducelvo  resistive  shunts,  currant  transform¬ 
ers,  or  Bogowskl  colls,  Continuing  currants  nay  he 
■assured  with  resistive  shunts.  His  output  of  each  of 
chase  devices  should  be  measured  and  record ad . 

:«TT8«  Indirect  affects  measurements  sru  fro— 
quantly  required  for  external  electrical  hardware, 
se  specif lod  In  Paragraph  4.1.6.  If  daslred,  some  of 
than*  naaaurwBents  can  be  mods  during  tha  d tract 
offsets  toots. 

Bines  Clio  condition  of  tha  test  object  or  other 
porta  of  tha  toot  circuit  nay  Affect  the  teat  cur¬ 
rent  (a)  applied,  measurements  of  thasa  parameters 
should  bo  msdo  during  each  taat  applied,  and  die  de¬ 
tails  of  tha  taat  aatup  recorded  for  each  taat. 

4.1.3  Direct  Effects  -  Combustible  Vapor  Ignition  Via 
Skin  or  Conponent  Puncture.  Hot  Spots  or  Arcing 

4. 1.3.1  Obi active 

The  objective  of  these  tests  Is  to  ascertain  the 
possibility  of  comb ua tibia  vapor  Ignition  as  a  raault 
of  nkln  or  component  puncture,  hoc  spot,  formation,  or 
arcing  In  or  nanr  fuel  system*  or  other  regions  where 
combust  lb  la  vnpors  nay  mist. 

CAimofl:  These  tests  simulate  the  possible  direct  of- 
fecta  which  nay  causa  Ignition.  Ignition  of  coabusc- 
iblo  vapors  way  also  be  caused  by  lightning  Indirect 
effects  such  as  Induced  voltages  in  fual  proba  wiring, 
etc. 


If  a  blunt  elsctrode  la  us ad  with  a  vary  snail 
gap,  die  gas  pressure  and  shock  wnvc  effects  In  cha 
confined  eras  nay  causa  mure  physical  damage  than 
would  otherwise  ha  produced.  Tlie  electrodu  should 
be  round  ad  eo  allow  relief  of  Che  pressure  Comud  by 
die  discharge. 

7or  eultlplu  conpo-ient  esses,  cha  teat  electrodu 
s'.nould  be  placed  eu  far  fron  the  cast  object  surface 
ss  the  driving  voltage  of  the  interned lata  conponent 
3  or  continuing  currant  component  C  will  allow.  A  gap 
spacing  of  at  Isaac  30  cm  Is  desirable  but  a  lessor 
gnp  of  at  lease  10  cm  la  required  i  ditch  will  result 
In  tiers  conservative  decs.  Vlian  camponanCs  B  or  C  are 
preceded  by  the  high  peak  currant  conponent  A,  cha  high 
driving  voltage  of  this  genarator  initiates  die  arc  and 
subsequent  components  3  uud/or  C  follow  the  established 
arc  svan  though  driven  by  s  much  lower  voltago. 


.V 


tha  aaaa  teat  currant  auvefoma  should  b«  ap- 
llad  a a  ara  pari  flail  for  acructural  danaga  eaata 
n  Paragraph  4. 1.2.2. 

.1.3.3  Taat  3a cup 

Toae  sat up  requirements  ara  tha  sane  aa  chosa 
eacrlbad  In  Paragraph  4.1.2.3  for  atrueeural  damage 
u.«a,  tilth  tha  following  additional  considerations: 

If  a  couplets  fual  tank  la  not  atrallabla  or  lw 
r  sc  deal  for  taat,  a  saapla  of  tha  tank  akin  or  othar 
naclitaa  rapraaantativa  of  tha  actual  structural  eon- 
lguration  (Including  Jolata,  faatanara  and  aubatruc- 
uraa,  attaclasant  lvsrdwara,  aa  wall  aa  internal  fual 
ank  flxturua)  ahould  be  Installed  on  a  light-eight 
petting  or  chanber.  JPiotogrmphy  la  the  preferred 
ac Unique  for  daeactiag  sparking.  If  photography  can 
«  onployod,  tha  chanber  ahould  be  fitted  with  aa 
rray  of  nlrrora  to  ctoka  any  sparks  trlalhla  to  tha 
omm.  riowsYor,  for  ragiona  where  pocaibla  oparfc- 
nit  activity  cannot  ba  node  visible  to  the  carter  a, 
gnltlon  teats  nay  ba  used  by  placing  aa  lgnitabla 
nel-alr  dxcura  inside  the  tank,  This  can  ba  a  ain- 
ure  of  propane  and  air  (a.g.,  for  proponat  a  1.2 
toicliii metric  nlxture)  or  vaporised  aampi ee  of  the 
ppropriata  fual  nixed  with  air.  Verification  of  tha 
anbuctibility  of  ehe  nlxture  should  ba  obtained  by 
gnitloa  tilth  a  spark  or  corona  Ignition  saurca  iap» 
rod  tic  ad  into  tha  taat  chenber  lmadlacely  after  each 
igitcning  taac  In  which  no  ignition  occurred.  If 
ha  coEtbuaClhla  nlxture  tees  not  lgnitabla  by  this 
rtificiol  source,  the  lightning  taat  neat  ba  cans ld- 
rsd  invalid  and  repeated  with  a  new  nlxture  until 
It  her  tits  lightning  taat  or  artificial  Ignition 
nurcs  Ignites  tha  fual. 

.1.3.4  Haaauraaanta  and  Data  rtaqulranenta 

Tim  sanu  taat  currant  naaourananta  ahould  bu 
■da  oo  orn  specif  led  for  structural  danaga  tests  in 
trograph  4. 1.2.4. 

Tito  proaanca  of  an  ignition  oourca*  ahould  ba  da- 
j mined  by  photography  of  poealblo  sparking,  for 
tie  purpose  a  contra  la  placed  la  tha  taat  chanber 
id  tha  shutter  left  open  during  tlie  taat.  rr.psrlance 
idles  to*  that  ASA  3000  speed  fUn  oxposod  ut  f4,7  in 
ic  lofntcory .  iUl  light  to  tha  ctuu'bar  Incur  lor  rtuntt 
i  ar.clmind.  Any  light  indications  on  tha  flln  dua 
t  Internal  sparking  oftar  taat  ahould  be  token  aa  an 
tdicatlon  of  sparking  sufficient  to  Ignite  a  cosdiuat- 
>la  nlxture. 


4.1. 4.1  Objective 

Electrical  streamers  Initiated  by  a  high  voltage 
field  represent  a  possible  ignition  oourec  for  coabucc- 
iblc  vapors.  Tha  objective  of  this  taat  la  to  detar- 
nina  if  such  atraauara  nay  be  produced  in  ragiona 
where  such  vapors  exist. 

4. 1.4. 2  Havafoma 

Tact  voltage  waveform  B  ahould  be  applied  for 
ehla  coot.  The  erase  voltage  should  ba  sufficient  eo 
produce  straanarlng,  but  not  sufficient  to  cauoa  flash- 
over  in  the  hlgb-voltege  gap.  Oerter  ally,  ehla  will 
rnquira  tliet  tits  average  alec  trie  field  gradient 
between  elto  electrodes  be  at  laant  5  kv/en. 

4.1.4.3  Teat  Setup 

Tha  eaae  object  ahould  ba  oouacad  In  a  fixture 
rapraaantativa  of  the  surrounding  region  of  the  alr- 
frsna  and  ba  aubjaeead  to  tha  high-voltage  wove! orn. 

The  voltage  nay  ba  applied  either  by  (1)  grounding 
tha  eaae  object  and  arranging  the  high-voltage  taac 
electrode  sufficiently  close  to  tha  taac  object  to 
erase*  tha  required  field  at  tha  eaae  voltage  level 
applied  or  (2)  competing  the  case  object  to  the  high- 
voltage  output  of  tha  generator  and  arranging  tha  east 
object  in  proximity  eo  a  ground  plana  or  other  ground 
"aloetrodc  that  1*  coonacead  to  tha  ground  or  low  side 
of  tha  generator.  In  either  case  the  low  voltage  aide 
of  the  generator  should  bu  grounded.  Either  arrangw- 
aant  can  provide  Che  nee aa eery  electric  field  ct  the 
ecet  object  cpcrtarc.  The  taat  object  ahould  bu  at 
pocielvc  polarity  with  respect  eo  ground,  since  this 
polarity  usually  provides  the  mat  profuse  straanarlng. 

4 .1.4.4  HeaseranoaCa  and  Pate  ttaqulranante 

•'laaaurananta  should  include  tact  voltage  wav»- 
fotn  awl  nsplituda,  and  degree  and  location  of  straan¬ 
arlng.  The  presence  of  straanarlng  at  locations  where 
caubuetlhle  vapors  ara  known  to  arise  la  considered  an 
Ignition  source.  The  proaanca  of  scramoring  can  beat 
be  riacandaad  with  photography  of  ehe  teat  object  while 
in  a  darkened  area.  If  tha  proaanca  of  straanars  la 
questionable,  tha  taat  ahould  bo  run  with  a  eanbusclble 
dxcura  actually  praaont  in  the  taac  object  to  dacarninc 
If  Ignition  occurs,  but  care  should  ba  taken  to  ensure 
that  tha  taat  arrangement  slnulatea  relevant  operational 
(l.a.,  in-flight)  characteristics. 

4.1.3  direct  Effects  -  External  Electrical  hardware 


mWi  Thin  nathad  of  dacanttning  tha  possibility 
!  apart, lag  should  bu  u  ell  load  only  12  carta  in  ey  ex¬ 
its  that  all  losaclona  where  sparking  sight  exist 
ra  visible  to  tha 


scion  nay  ba  added  if 
Idltinucl  infatuation  such  aa  skin  surface  eaupera- 
wee,  pros aura  rises,  or  flsna  front  propagation  vol¬ 
ition  era  daalrad. 


4. 1.3.1  Ohl active 

Tha  objaee  of  this  cast  la  to  dscamlao  tha 
snouat  of  physical  danaga  which  my  be  experienced 
by  externally  nounead  alacerical  components,  such  ac 
piece  eubea,  ant antes,  navigation  lights,  ate.  when 
dlraetly  struck  by  lightning. 


4. 1.3. 2  Hmiona,  Tnt  Samp,  and  tamrmnu 
aad  Data  aaculrmanes _ 


Sane  aa  for  atrucmraa  ease  aa  daocribad  la 
Paragraph  4.1.2. 

4.1.6  Indlract  Effects  -  External  Electrical  Hardware 

4 .1.6.1  Objective 

Tha  objective  of  Chlo  toot  la  to  datarnine  tho 
nagnleuda  of  Indirect  offocta  that  occur  whan  llghc- 
alng  atrlkoo  externally  mounted  alaetrlsail  hardware, 
saaoh  oo  anronoao,  electrically  hooted  pitot  taboo, or 
navigation  lighto.  For  such  horduoro  tho  Indirect 
af facta  Include  cooduntad  curraota  and  surge  voltagaa, 
and  Induced  voltagaa.  Thaaa  currants  and  voltages  nay 
than  bo  eanduatad  via  electrical  circuits  to  other  ay- 
atono  In  tho  vehicle.  Thor  of  ore,  during  the  direct 
effects  toots  of  electrical  hardware  aouatad  within 
Zoom  1  or  2,  aaaaurawonta  should  bo  node  of  tho  volt¬ 
age  appearing  ae  all  electrical  circuit  temlnale  of 
tho  conpononc.  In  addition,  a  foot  rata  of  rise  teat 
should  bo  conducted  for  evaluation  of  oagaatically 
Induced  offocta. 

4. 1.6. 2  'bvafawa 

Currant  conponants  A  through  D  uaad  tor  evalua¬ 
tion  of  direct  offocta  are  also  uaad  for  evaluation 
of  Indirect  effacto,  particularly  those  relating  to 
tha  diffusion  or  flow  of  currant  through  roalacanea. 
Tha  specific  unvofotna  to  bo  uaad  are  tho  aana  so 
those  specified  la  Paragraph  4.1.2.  In  addition,  tha 
font  rata  of  change  currant  wnvnfocn  K  should  bn  ap¬ 
plied  for  evaluation  of  nagnafl rally  Induced  effects. 


Indirect  offsets  naaanrsd  aa  a  result  of  this 
uevefom  oust  bo  outrapolotod  aa  follows.  Induced 
voltages  dependent  upon  raolstlve  or  diffusion  flux 
should  bo  extrapolated  linearly -tn'o-peak- currant  of 
200  kA. 

Induced  voltages  dependant  upon  apart uro  coupling 
should  ba  extrapolatod  llnoarly  to  a  peak  rata-of-riae 
of  100  kA/ps. 

4. 1.6. 3  Tost  Setup 


Tho  toot  objact  should  bo  nountad  on  a  shielded 
test  ci unbar  so  that  access  to  Its  electrical  eoanac- 
tor(a)  can  be  obtained  in  aa  eras  relatively  free  fro* 
extraneous  eleetrcoogaetie  fields.  This  la  necessary 
to  prevent  aloe tronagna tic  Interference  originating 
la  tha  lightning  toot  circuit  froa  latarfarlag  with 
nanaurenont  of  voltages  Induced  la  tha  tent  object 
Itself.  Tha  tast  object  should  be  fastened  to  the 
teat  charter  la  a  aaaner  slallar  to  tha  way  It  la 
nountad  on  tha  aircraft,  a  Inca  normal  bonding  Inpod - 
aacso  nay  contribute  to  tha  veltagaa  Induced  la  cir¬ 
cuits.  ff  the  shielded  enclosure  la  large  enough, 
the  aaaenraaaat/racordlag  aqulpneat  nay  ba  contained 
within  ic.  If  not,  a  suitable  shield  ad  lnstrvant 
cable  nay  ba  uaad  to  transfer  tha  Induced  voltage  sig¬ 
nal  fron  the  ah  laid  ad  aaaloaura  to  the  oqulpwoat.  In 
this  eeea,  the  agulpwaat  should  ba  located  so  mo  not 
to  anur lance  latarfaranca. 


The  tast  electrode  should  be  positioned  so  aa  to 
Inject  slnulatad  lightning  current  Into  eha  tast  ob¬ 
ject  at  tha  probable  attaehasat  point (a)  sxpaetad  froa 
natural  lightning.  For  tests  run  concurrently  with 
direct  effects  easts  on  eha  sane  east  object,  this 
should  be  an  arc-enery  (flasbover  froa  ease  slactroda 
eo  ease  objact);  but  for  eeaea  meda  only  to  deeasmlne 
tho  indirect  affects,  hard-wlrad  conn actions  can  ba 
aada  baewaan  eha  generator  output  and  east  objace. 

This  la  appropriate  especially  If  It.  la  desired  to 
alnlnlie  physical  danaga  to  eha  east  objact.  The  teat 
objact  should  ba  grounded  via  eha  ah laid ad  enclosure 
so  that  alnulaeed  lightning  currant  flows  fron  tha 
ease  objact  to  eha  shielded  enclosure  In  a  Banner  re¬ 
presentative  of  the  actual  Installation. 

4. 1.6. 4  Maaaur scants  and  Data  raw ulr scants 


Measure* ants  should  Include  tast  current  aapli- 
tuda(a)  and  wavafom(s)  aa  s pacified  for  the  direct 
af facts  eaoes  utilising  tha  sane  waveforms  In  Para¬ 
graph  4.1.2.  In  addition,  neaaurananta  should  bo  aada 
of  conducted  and  Induced  voltages  at  Che  terminals  of 
electrical  elreulte  la  the  teat  objact. 

!laaauraaane  of  eha  voltages  appearing  at  eha  el¬ 
ectrical  taralnala  of  tha  toot  object-  should  be  aada 
with  a  suitable  recording  taetrunent  having  a  band¬ 
width  of  at  laast  30  oagaherts. 

In  sows  cases  it  la  appropriate  eo  oaks  naaaura- 
aonta  of  eha  volcaga  baewaan  two  earmlnals,  as  wall  as 
of  tha  voltage  between  either  terminal  and  ground. 
Since  tha  mount  of  Induced  voltage  originating  In  tlia 
east  objact  which  can  enter  sywtma  such  as  a  power  bus 
or  aa  aataaaa  coupler  depends  partly  on  eha  lnpadancas 
of  tliasa  leans,  thasa  lnpadancas  should  ba  simulated 
aad  conaactad  across  the  electrical  earmlnals  of  tho 
east  objace  whora  the  Induced  voltage  la  being  maoaurad 

Tho  resistance.  Inductance  and  capacitance  of 
the  load  Impedance  should  be  Included.  A  typical 
teat  aad  aaaaurwsaat  circuit  la  shown  in  Figure  4.1. 

CAUTIONS  Intarfarance-free  operation  of  eha  voltage 
aaaauraoaat  system  should  bo  verified. 

Shielded  Enclosure 

|  Simla  tad 

Iapadancaa 


Tast  I 
Object  | 


Oscilloscope  I 


Waveahaplng 

Elawanta 


lightning 
Currant 
Conors tor 


Divider  or 
Aetanuator 


Figure  4-1  Essential  alananci  of  tloctrlcal  hard¬ 
ware  Indlract  affects,  east  and  neasuranone 
circuit. 
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•  «k]«Cl*i  of  the  nodal  tost  la  to 
too  «  eh*  wkltU  sdiara  direct  U|l 
ilv  to  attach. 


alactroda 


f  -  0* 


Ughafat  atrlkaa 


it  la  daolrad  to  dacaralao  tha  placaa  on  tha 
t  tfeara  lightning  atrlkaa  arc  aaat  probable, 
Leans  amfaa  C  aay  ba  at  11  la  ad.  If  It  la 
,  la  addition,  to  Identify  athac  anrfacaa  nfeara 
aay  alas  occur  oa  rare  occaalon,  Mltaga  ana- 
ay  ba  utlllaad.  Tha  1  isogar  rloa-clna  of  tnwse- 
illowa  daralopoanc  of  arraaamre  and  atfntmant 
la  raglooo  of  loam  fiald  lncaoolrr  (la  addl- 
clinno  at  high  intensity  at  aurfacaa  of  hiali 
prohnbllltv. 


►180* 


- 


tea  oa  snail  anal  a  nadola  axa  helpful  for  do- 

mac  ba  aupplwmntad  by  othor  naaaa  to  da car— 
■ce  actacJumnt  zonaa  at  points.  Thla  la  partl- 
truo  of  aircraft  involving  large  amounts  of 
atructural  aacarlala. 


4  •  latitude 
8  “  longitude 


*•180* 


aocorlor  (na 
true  tad,  Tha 


tho  aircraft 
surf seen  oa  the 


accurate  nodal  of  tho  vahlclo  at 
1/10  full  acala  ahoold  bo  aonac 
possible  vehicle  ooaflgaradoaa 
Lad.  Conducting  awrfaaaa  on  tho 
M  r  spree  anted  by  cooduatlvo  oar 
nd  vice  versa. 


a  nodal  la  than  pooltloaad  on  laawlacora  bo- 
bo  aloctrodoa  of  a  tod  cod  gap  or  the  alactroda 
round  plana  of  a  rod-plana  gap.  Tha  length 
appar  gap  ahould  bo  at  laaac  1.3  tinea  tha  long 
■talon  of  tha  nodal.  Tha  dlruaetaa  of  approach 
loan  controllable  at  naoh  higher  ration  and 
the  nay  aran  mao  tha  nodal.  Tha  lauor  gap, 

■a  rtneh  ao  2.3  tinea  tha  long  act  dlnaaalon  of 
il  and  ahould  ba  at  laaac  egual  to  tha  nadal 
m. 

manly  tha  alaetrodaa  era  flxad  and  tha  nodal 
sad.  Tha  orlantatloaa  of  tha  alaetrodaa  with 
to  tha  nodal  ahould  ba  aoah  aa  to  doflno  all 
ictaataaant  points.  Typically,  tho  alaetrodaa, 
i  co  elm  uodal,  arc  plocad  at  10*  a tope  la  lac- 
round  tho  0*  and  90*  longitudes,  an  shown  la 
i-2.  Snail ar  atapa  In  latitude  er  longitude 
rogulrad  co  identify  all  attar hnaat  polata. 


rigors  4-2  Aircraft  coordinate  systaa. 


Zf  rotation  of  tho  nodal  significantly  changes  tha 
gap  langtha,  it  nay  bo  necrose ry  to  rapoaltloo  tho 
alactroda.  Typically  thrao  co  can  shots  are  taken 
with  eho  aircraft  la  each  orientation  co  slswlato 
lightning  flaahao  approaching  Iron  different  direc- 
elona.  Photographs,  preferably  with  two  canoraa  at 
right  *ug»au  ea  each  othor,  ahould  bo  taken  of  each 
shot  la  ardor  to  dotarnlno  tha  atcachamnc  points. 
Urn-  upper  alactroda  should  bo  poaltlwa  with  respect 
to  ground  and/or  tha  lower  alactroda. 

4.2.2  Full-Slaa  Hardware  Attachamnt  Point  Test  - 

gwu  T _ 


4.2.2.1  Objective 


The  uochanloa  of  arc  attachmont  la  Zoom  2  regions 
la  fustian  aurally  differ  ant  fren  chat  la  Zona  1.  Tha 
basis  aachanlsn  of  aetachncnt  la  ahown  on  Figure  4-3. 
Tha  ore  flrsc  attaches  to  point  1  and  Chao,  viewing 
eho  taat  object  aa  stationary,  la  swepe  back  along  eho 
anrfaoo  to  point  2.  When  eho  heal  of  eho  arc  la 
shows  point  2  the  voltage  drop  ae  eho  arc-watal  Inter— 
fees  la  sufficiently  high  to  causa  flaahovar  of  eho 
air  gap  and  puncture  of  che  surface  finish  ae  point  , 

2  «•»«■«<*§  it  to  rs-a tench  ehare. 


Vi' 


Wv'v'.'V 


»  are  will  again  be  blown  back  along  the  eur- 
idl  cha  voltage  along  eha  are  ehannal  and  are- 
nterfsce  la  sufficient  to  canaa  H aahowar  and 
■one  eo  anechar  point.  The  voltage  at  which  aach 
achnant  will  occur  dapanda  strongly  upon  eha 
i  finish  of  eha  objaet  under  east.  Tha  vole- 
illabla  to  cauaa  puncture  dapanda  upon  eha  cur- 
owing  In  eha  arc  and  eha  degree  of  Ionization 
ehannal.  Thara  la  an  Inductive  voltage  rlaa 
ha  arc  ne  rapidly  changing  currcnea  flow 
i  le.  Thara  will  alao  be  a  resistive  voleaga 
oducad  by  eha  flow  of  currant.  Tits  Inductlva 
i  rlaa  aa  wall  ao  tha  resistive  rlaa  can  ba 
Ignificane  whan  a  lightning  raacrlka  occurs 
i  point  In  eha  flash. 


addition.  If  eha  flaah  la  discontinuous  for 
period  a  vary  high  voleaga  la  available  prior 
of  cite  next  currant  canponane.  3acauae  clia 
remains  hot  end  nay  contain  residual  Ionised 
on,  thin  voleaga  atraas  la  greatest  along  le 
aequret  currant  components  are  likely  eo  flow 
ha  mm  ehannal.  Such  a  voleaga  nay  wall  ba 
elian  voltage*  craatad  by  currents  flowing  In 
ran  el  and  nay  cauaa  ra-Httachnenc  to  natalllc 
a  or  puncture  of  oouMCalllc  surfaces  or  di- 
c  coatings. 

•  tlao  during  which  an  arc  nay  r  ana  in  aeeachad 
single  point  (dwell  cine)  la  a  function  of  eha 
nr,  flaah  and  surface  charoctarlaelcs  which  gov- 
ttaclment  eo  elia  next  point.  The  dwell  tine  la 
function  of  aircraft  speed. 

apt  strolca  attachment  point  and  dwell  tine 
“  «*  clier a/ora  of  lnearaac  for  two  naln 
First,  If  there  la  aa  Intervening  notaaatal- 
faea  slang  eha  path  over  which  eha  are  nay  ba 
iha  swept  atroka  phanowana  any  determine 
eha  ran nasta 111c  surface  will  ba  punctured  or 
tha  arc  will  pass  harmlaaaly  across  le  eo  tha 
talllc  surface. 

eond,  eha  dwell  tloa  of  an  are  on  a  aatnllle 
la  a  factor  In  determining  If  sufficient  haat- 
occur  at  a  dwell  poise  eo  burn  a  hole  or  term 
poe  capable  of  Ignielng  cosibuetlMe  Mixtures 
ing  other  damage.  Thus,  ovor  a  fuel  tank  le 
tcularly  important  that  the  are  nova  freely, 
r  that  tha  natal  skin  of  tha  tank  net  ba  haat- 
"rned  to  a  point  that  fuel  vapors  are  Ignited. 


Tha  objectives  of  attachment  studies  In  Zone  2 
are  than: 

for  natalllc  curfacaa 

(Including  conventional  pointed  or  treated  sur¬ 
faces): 

To  dstsrnlno  possible  attachment  points  and  aa- 
soclatad' dwell  tines. 

Fog  noneiatallic  surfaces 

(including  natalllc  r.urfacua  with  lilgh  dielec¬ 
tric  serangth  coetlnrs): 

To  dacarnlne  If  punctures  nay  occur. 

A. 2. 2.2  Uaveforms 

4.2. 2.2.1  Metallic  Surfaces 

To  dataroine  arc  dwell  tines  on  metallic  sur- 
faenn.  Including  convontlonal  painted  or  treated  sur¬ 
faces,  It  la  nocosaary  eo  slnulata  tha  continuing 
currant  coerponane  of  tha  lightning  flaah.  Thus  tha 
slnulaead  continuing  current  sltnuld  he  In  accordance 
with  currant  con  pontine  C. 

Tha  currant  generator  driving  voltage  iaiat  he 
sufficient  eo  nalntain  an  arc  length  time  uovea  freely 
slang,  eha  surf  new  of  the  test  object.  The  cant  elec¬ 
trode  should  lie  far  anougl.  above  the  surface  so  aa 
not  eo  Influence  the  arc  cetadinanc  to  elie  tent  sur¬ 
face.  If  Che  technique  of  Figure  4-1  Is  usad,  the 
eleceroda  should  be  a  rod  parallel  to  the  air  stream 
end  approximately  parallel  tn  the  test  object. 

A  resettle  nay  be  added  to  eha  continuing  cur¬ 
rent  after  Initiation  to  I'atemine  whether  a  ruecrlke 
vltli  Its  associated  high  current  amplitude  would  cause 
re-attachment  eo  points  other  tluin  those  to  which  the 
continuing  currant  arc  would  rn-nttach.  If  a  rcstrlke 
la  used  It  la  moat  appropriate  diet  It  he  the  fast 
rnta  of  change  of  currant  waveform  shown  aa  current 
waveform  ii  on  Figure  1-3. 

a. 2.. 1.2. 2  Mnnnutalllc  Surfaces 

To  doearmlna  whether  It  Is  possible  for  dleloc- 
erlc  punctures  or  reattadirtencs  tn  occur  on  nonmacal- 
11c  curfacaa  or  coating  materials.  Including  metallic 
surfaces  with  high  dielectric  strength  coatings,  it 
Is  accessary  to  slmulaee  the  hlglwoleage  clwrncter- 
lstlca  of  eha  are.  High  voltages  are  caused  by  (1) 
currant  roserlkao  In  an  ionized  clutnnal,  or  (2)  volt¬ 
age  Iniildup  along  a  deionized  channel.  Tliose  char¬ 
acteristics  era  simulated  by  a  tost  in  which  a  re¬ 
strain  la  applied  along  n  channel  previously  estab¬ 
lished  by  a  continuing  current.  The  raacrlka  mist 
be  Initiated  by  a  voltage  race  of  rlaa  of  1000  kV/ps 
or  faster  and  must  discharge  a  high  rata  of  rlaa  cur¬ 
rent  stroke  In  accordance  with  current  waveform 
This  reetrlke  nuet  not  be  applied  until  Che  continu¬ 
ing  current  lias  decayed  to  near  zero  (a  nearly  de¬ 
ionised  state)  aa  stiown  In  Figure  4-4, 

Several  teats  should  be  .ippliod  with  die  contin¬ 
uing  currant  duration  and  restrlkos  applied  accord¬ 
ing  to  different  Claes,  T,  In  ordsr  to  produca  worst- 
case  exposures  of  the  surface  and  underlying  elements 
to  "oltaga  sctsss. 
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The  amplitude  of  eho  continuing  currant  la  not 
critical  and  aar  ba  lower  or  Higher  than  that  of  eur- 
Irane  component  C.  Other  aspects  of  ehla  taae  ara  aa 
damerlbed  la  Paragraph  4. 2. 2.2.1. 


Figure  4-4  Swope  stroke  waveforms  for  teats 
of  nonmetalllc  surfacaa. 


4. 2. 2. 3  Teat  Setup 

TVo  basic  aachoda  have  been  used  to  simulate  the 
Mope  stroke  Mechanism.  One  of  ehaae  Involves  use  of 
a  wind  aerean  to  novo  the  are  relative  Co  a  station- 
ai7  teat  surface  so  shown  in  P Up.ro  4-5.  The  other 
natliotl  Involves  oovsnent  of  the  test  surface  relative 
to  a  stationary  arc  as  shown  In  Figure  4-4.  other 
nethoda  nay  also  ba  oatlafactory  If  they  adequately 
rnprasane  the  In  .light  Interaction  between  the  ere 
and  the  aircraft  surface.  Relative  velocity  should 
include  hut  not  bo  United  to  the  elnlnue  in-flight 
velocity  of  eho  vahlcal,  which  Is  whan  tha  dwell  tine 
condition  la  none  critical... 

Tha  taat  elactroda  should  be  far  enough  above  the 
surface  go  no  not  to  lnfluonco  the  ere  attachment  to 
tha  taat  surface.  If  the  technique  of  Figure  4-5  la 
uxad.  che  electrode  should  bo  a  rod  pavaii-i  to  the 
air  stream  end  approximately  parallel  to  the  teet 
object. 


Figure  4-5  Arc  coved  relate 
stationery  toot  surface. 


4.2. 2.4  Itsaouroaonca  and  Pete  Hscuirsmanta 

tlie  nest  iaportsat  nessuranonts  are  those  giving 
the  attachment  points,  are  dwell  Unco,  breakdown  paths 
followed,  end  the  oeperatlon  between  attachment  points. 
These  ara  meat  easily  determined  from  high  speed  notion 
picture  photographs  of  eho,  ore.  Itoaauraoanta  should 
bo  node  of  eho  air  flow  nr  tooe  object  velocity  and  ehn 
anplltuda  and  uaveforn  of  the  current  passing  through 
die  ease  object. 


Figure  4-4  Tost  surface  noved 
relative  to  stationery  ere. 


4.2.3  Indirect  lif facte  -  Complete  Vehicles' 

4. 2.3.1  Obi active 

The  obj active  of  this  coot  la  to  neesura  Induced 
voltsr.ee  end  currents  In  electrical  wiring  within  a 
complete  vehicle.  C noplace  vehicle  toots  are  Intended 
primarily  to  Identify  circuits  which  nay  ba  susceptible 
to  lightning  Induced  offsets. 

4. 2. 3. 2  Hevufotns 

Two  techniques,  utilising  different  waveforms, 
nay  be  utilised  to  perform  this  toot.  One  involves 
application  of  a  see led  down  unidirectional  waveform 
representative  of  a  natural  lightning  stroke. 

The  second  technique  Involves  performance  of  the 
tose  with  two  or  more  Heaped  oscillatory  current  wave¬ 
forms,  one  of  which  (coaponone  Cj)  provides  the  foot 
rate  of  rise  characteristic  of  a  natural  lightning 
stroke  wavefront,  and  tha  ocher  (component  Gj)  pro¬ 
vides  s • long  duration  period  characteristic  of  natural 
lightning  stroke  duration.  Induced  voltages  should  ho 
aeaeured  in  the  aircraft  circuits  when  es posed  to  both 
waveforms  and  the  highest  Induced  voltages  taken  as 
the  cose  results. 

Dish  toot  Is  cart lad  out  by  passing  tooe  cur¬ 
rents  through  to  tha  complete  vahiclu  and  tsaasur inr 
the  induced  volcanos  and  currents  dhacks  nro  also 
made  of  aircraft  systems  and  opuip'-nt  operations 
wlisro  posslblo. 
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Urnfon  F  Mould  bo  applied. 


4. 2. 3. 2. 2  Dec lllat 


4. 2.3. 3  Toot  So  Cup 


Cj  should  bo  applied. 


Currant  C unorator 


The  toot  cuttmc  should  bo  applied  between  sev- 
oral  representative  pairs  of  sttachnonc  points  such 
so  noM-co-tall  or  wise  tip— to-wiag  tip.  Typical  tost 
setups  aro  shown  la  Figure  4-7. 

Attachnsnt  polrs  art  no mslly  selected  an  so  to 
Clr act  currant  through  tho  porta  nf  tho  vehicle  '/hare 
clrcolta  of  latorosc  aro  located. 

Multiple  return  conductors  should  ho  uood  to  Min¬ 
imise  tone  circuit  Indue tone a  and  proximity  affects. 
Typical  toot  setups  aro  shown  tn  P  inure  4-7. 

4.2. 3.4  :ipmmrononco  and  Data  Taoulrsn/mca 

Hut  toot  current  aoplltudx,  unvefnrn,  and  ro- 
sultlnr  induced  vnltagoo  and  currants  In  tho  aircraft 
electrical  and  atrlonlco  aystara  should  be  neaaured. 

CiUmoii  Inter f or <mce-(ree  operation  of  tho  voltage 
-neauroDant  systan  uhoultl  he  verified. 

"nltacoe  nuosured  during  the  eonpleta  vehicle 
toata  should  be  aetrapolacad  to  full  tliraat  1  ovals  in 
tlio  sana  nennor  as  described  1r.  ”ara.  4.1.6. 2  for  in¬ 
direct  effaces  aueauranancs  In  external  elactrlcsl 
’tardvmru.  situations  nuch  as  rrclng  paths  or  non¬ 
linear  (npmlancea  exist  which  nay  result  In  non¬ 
linear  relotlonehlpa  between  induced  voltague  and  ap¬ 
plied  currant.  Careful  study  nf  the  vehicle  under 
cast,  lew /ever,  can  usually  Identify  such  situations, 
lion  testing  fueled  vehicles,  core  should  be  takon 
to  provonc  sparks  across  filler  cape,  aa  even  low 
amplitude  curreacs  con  cause  sparking  across  poor 
bonds  or  Joints,  In  doubtful  situations,  fuel  tanka 
should  '<0  rendered  non  ft  ennoble  i/y  nitrogen  Inerting. 


Around  Connection  ~ 
Where  Induced 
Voltage  Manauranante 
are  tfado 


Return  Wires 
Insulated  free  Ground 


Currant  Canera 


Ground 

Connection 


Wheals  on  \  / 

Kluctrlcnl  Insulation  \y 
.  Ceturn  Wires 

Insulated  from 
Ground 


Figure  4-7.  Typical  setups  for  complete  vehicle  tests. 
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